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ABSTRACT 
Despite the low productivity, several districts of the Ganga-
Yamuna Doab face the problems resulting out from the excessive use of 
chemical fertilizers and pesticides which have caused soil degradation, 
groundwater pollution and the rise of a number of pests which are 
resistant to the application of pesticides. In many areas a continued and 
excessive tapping of groundwater for irrigation has caused lowering of 
water table. 
The Ganga-Yamuna Doab is predominantly agricultural and 
pressure of over increasing population has created inequality in 
agriculture development and levels of income in rural agrarian society. 
In order to minimize the regional inequalities, to improve 
income and living standards of people, self-sufficiency in foodgrains 
and attainment of equal opportunities it would be of great significance if 
the Ganga-Yamuna Doab is divided into categories of crop productivity 
and development levels. It is therefore necessary to chalk out a strategy 
for an overall development of the region. 
The Ganga-Yamuna Doab is a long and narrow strip of land 
between two rivers: the Ganga making the eastern boundary, and the 
Yamuna bordering the west. The Doab extends in the form of a wedge 
from the Siwalik Hills to the confluence of the two streams at Allahabad. 
The region lies between 25^ 16' and 30*^  35' North latitudes, and 77° 5', and 
A 5 
82 21 East longitudes, and covers an area of about 58400 sq, km .The 
Doab is roughly 832 km. in length from northwest to southeast direction, 
while its width varies about 64 to 112 km. The whole region consists of 23 
districts namely, Saharanpur, Muzaffamagar, Meerut, Baghpat, Ghaziabad, 
Gautambudha Nagar, Bulandshahr, Aligarh, Hathras, Mathura, Agra, 
Firozabad, Mainpuri, Etah, Farmkhabad, Kannauj, Etawah, Auraiya, 
Kanpur Nagar(urban), Kanpur Dehat(rural), Fatehpur, Kaushambi, and 
Allahabad. According to 2001 census the total population of the region is 
accounted for about 542.01 lakh persons with an average density of 928.09 
person per sq.km. 
The following were objectives to take up the study : 
(i) To examine the changes in landuse and cropping pattern which 
have taken place with the adoption of modern inputs. 
(ii) To examine the growth in area, production and yield of major 
crops for some specific periods of time. 
(iii) To examine the effect of human concentration on landuse and 
cropping pattern. 
(iv) To examine the typology of agriculture, whether it is traditional, 
subsistence or of commercial type. 
(v) To examine the use of modern machinery and tools which have a 
role in improving agricultural productivity. 
The present study is based on secondary sources of data 
(1985-86 to 1999-2000) which were collected from unpublished and 
published records of the office of Directorate of Agricultural Statistics 
and Crop Insurance {Krishi Bhawan), U.P., Institute of State Planning 
{Jawhar Bhawan), U.P., Board of Revenue, U.P., Directorate of Animal 
Husbandry, U.P., and Directorate of Census Operations, U.P., Lucknow. 
Considering the equality of size and homogeneity and contiguity of the 
socio-economic and physical composition district has been taken as a 
viable unit for the study. 
Agricultural productivity indices for each of 23 districts were 
computed by using the data of area and production of 13 major crops 
grov^n in the region. These crops were grouped into cereals (rice, wheat, 
barley, jowar, bajra and maize); pulses : gram, pea, moong, green gram, 
urad (black gram), masoor (lentil), pigeonpea (arhar/tur); oilseeds ; 
mustard, sesamum (til), groundnut and sunflower, and cash crops 
(sugarcane and potato). 
The entire work has been divided into five chapters. Chapter 1 
deals with the physical environment of the Ganga-Yamuna Doab i.e., 
structure and relief, drainage, soils and the climatic characteristics of the 
Doab. Chapter 2 examines' in detail, the ianduse pattern, cropping 
pattern and trends of growth in area, production and yield of corps, 
cropping intensity and crop combinations. The concept of agricultural 
typology, its attributes and agricultural typological regions are presented 
in Chapter 3. Chapter 4 considers the concept and measurement methods 
of crop productivity and attempts to determine the productivity indices 
in the Doab. Chapter 5 deals with a statistical procedure to establish a 
correlation with that of crop productivity and other variables of 
agricultural typology, which may have a bearing on productivity. In the 
last, the conclusion deals with some suggestions. 
By way of analysing the landuse and cropping pattern, the 
agricultural typology and typological regions were identified with the 
help of some selected variables. Crop productivity indices of each 
district of the Ganga-Yamuna Doab were calculated by two different 
methods. The first is 'Crop Yield Index' method, and the second 
'Standard Nutrition Unit' (output per hectare). Some of the variables 
related to agricultural typology were selected so as to establish a 
correlation with agricultural development in the region. Factor analysis 
technique was applied by selecting a set of 20 independent variables 
affecting agricultural typology. The computation of data were performed 
through SPSS programme on computer. 
An overall assessment of the study reveals that typology of 
farming is mainly determined by the weather and climate, some of the 
social factors and the management of institutional and technological 
factors. In contrast to the agricultural typology and crop productivity, 
the upper Doab is highly efficient as compared to central and lower 
Doab. It is due to the agricultural innovations adopted by the farmers. 
However, the general levels of crop productivity need 
improvements in order to meet the food demands of population by 
adopting certain strategies for sustainable development of agriculture in 
the districts of Ganga-Yamuna Doab. 
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PREFACE 
The country like India, where agriculture is the backbone of the Indian 
economy. But it gets the least attention from policy makers, since all thinking has 
been on industrial growth continued neglect is now causing alarm bells in this 
sector: suicides by farmers and declining food production. At the same time, the 
gains of the green revolution are giving way to huge problems while farmland is 
being diverted to other uses. Pushed into poverty, farmers prefer to join the urban 
squalor, trying to find menial jobs, giving up the livelihood to their ancestors. Such 
changes in a sector, that are crucial to India's progress, bode ill for the country. Yet 
our policy makers are obsessed with industry. 
Thus, the measurement of crop productivity has great significance and it is 
also a major source to reduce the regional inequalities among the rural poor. There 
is a marked difference in the crop productivity per hectare in the districts of Doab. 
Therefore, it indispensable to measure the production and productivity of crops. 
The entire work has been divided into five chapters. Chapter 1 deals with 
the physical environment of the Ganga-Yamuna Doab i.e., structure and relief, 
drainage, soils and the climatic characteristics of the Doab. Chapter 2 examines in 
detail, the landuse pattern, cropping pattern and trends of growth in area, production 
and yield of corps, cropping intensity and crop combinations. The concept of 
agricultural typology, its attributes and agricultural typological regions are 
presented in Chapter 3. Chapter 4 considers the concept and measurement, methods 
of crop productivity and attempts to determine the productivity indices in the Doab. 
Chapter 5 deals with a statistical procedure to establish a correlation with that of 
crop productivity and other variables of agricultural typology, which may have a 
bearing on productivity. In the last, the conclusion deals with some suggestions. 
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INTRODUCTION 
Cultivation of crops in India dates back to the time of Indus valley 
civilization. Even since, it has continued to be the leading occupation and the 
mainstay of the rural population of the country. About three forth of its population 
directly or indirectly engaged in agriculture and its allied activities. Indian 
agriculture, however, is predominantly of subsistence type and mainly depends on 
monsoon. Inspite of a large number of population involved in agriculture, most of 
the people are ill-fed and in ill health. A big segment of the Indian farmers cultivate 
small plots and have limited capital, slowing the spread of new technology. 
At present agriculture contributes about 10.2 per cent in national income. It 
also has 23 per cent contribution to gross domestic product. Forty years after the 
introduction of the new agricultural strategies during green revolution, Indian 
farming has not got self-sufficiency even in the production of wheat, pulses and 
oilseeds. Despite being the world's second largest wheat producer, India was forced 
to import a large quantum of wheat and other agricultural products. 
Agriculture sector, besides being a prime supplier of food, is also a source 
of raw materials for the expanding industries. Agricultural development would lead 
to an increase in the purchasing power of the rural poor and will help the growth of 
non-agricultural sector by providing a market for increased production of industries. 
The Ganga-Yamuna Doab is predominantly agricultural area and has a 
pressure of over increasing population, which suffers from an appalling inequality 
in agricultural development and levels of income among its rural agrarian society in 
the eastern as well as the western districts of the region. This may be seen from the 
fact that agriculture is by far the largest single industry in the state of Uttar Pradesh 
and is the main occupation of the population and is also a major source of the state's 
income. The future prosperity of the population and a stable self-sufficient economy 
is, therefore, largely based on the development of agriculture. 
The agricultural typology and the levels of crop production of the region 
are also affected by labour, capital, marketing, transport and institutional facilities 
that interact with the physical variables to modify the suitability of a particular land 
for a specific type of agricultural system. 
In order to minimize the regional inequalities and to bring out the social 
equilibrium in the region, it is, therefore, essential to delimit the area which is 
suffering from the inefficient crop efficiency and takes appropriate measures to 
remove it. Farmers use labour intensive technology and the product of farms which 
depend mainly upon the amount of money which is used. The cultivators have also a 
little knowledge about the use and misuse of agricultural inputs, it may be either 
water for irrigation which may lead to waterlogging, unscientific use of fertilizer 
may spoil soil fertility causing low productivity. Poor irrigation facilities, absence 
of farm building, agricultural tools and machineries, warehouses and market-yards 
all adversely affect the farmer's income. 
To reduce the imbalances in terms of incomes, standard of living and self-
sufficiency in foodgrains, it is needed that the region is to be demarcated into different 
productive efficiency zones. It is also necessary to identified specific causes of 
backwardness of the zones. 
Aims and objectives 
The main objectives of the present study are to analyse the chief 
characteristics of agriculture in the districts of Doab, which may be studies with the 
consideration of physical, social and cultural factors. Agricultural types also determine 
the characteristics of agricultural productivity. Taking into consideration of above facts, 
the study has the following objectives: 
(i) To assess the changes in land use and cropping pattern within the frame of 
new agricultural technology. 
(ii) To examine the growth in area, production and yield of major crops during 
the selected periods of time. 
(iii) To identify types of agriculture, whether it is subsistence or commercial type. 
(iy) To examine the impact of modem technology on agricultural productivity. 
(v) To examine the interrelationship between agricultural productivity and 
different attributes of agricultural typology. 
Source of Data 
Present study is based on secondary sources of data, which were collected 
from the office of the : 
(i) Directorate of Agricultural Statistics and Crop Insurance (Krishi Bhawan), U.P., 
Lucknow. 
(ii) Institute of State Planning (Jawahar Bhawan), U.P., Lucknow. 
(iii) Board of Revenue, U.P. Lucknow. 
(iv) Directorate of Animal Husbandry, U.P., Lucknow. 
(v) Directorate, Census Operation (District Census Handbook), U.P., Lucknow. 
Besides the above offices, the data and other related informations were 
collected from different other sources which are available in the Seminar Liabrary of 
Department of Geography and Central Library {Maulana Azad Library) at A.M.U., 
AUgarh. 
Methodology 
The present study is based on the informatins collected for the period of 1985-
86 to 1999-2000. The entire length of the duration was further put on sub-periods 1985-
89,1990-94 and 1995-99 to avoid the seasonal anomalies. The follov^ng methods were 
applied: 
(i) To analyse the growth in area, production and yield of major crops, the 
logarithm formula of exponential growth was applied, which reads thus : 
Yc = A.B' (i) 
Where, 
Yc - index number under the category, 
t - time, 
A - Constant (equal to 1, the base level when t = 0), 
B - 1 + r/100 (where r is the percentage rate of growth of 
area/production/yield of the particular crop). 
Taking the logarithm of equation (i) 
log Yc = log A +1 log B 
Percentage rate of growth per annum 
r = (B-l)xlOO 
= (AntilogB-l)xlOO 
(ii) To calculate the cropping intensity, gross cultivated area was divided by net 
sown area and the product multiplied by 100 and crop-combinations were 
determined on the basis of Weaver's formula modified is introduce by K. Doi 
(1957). 
(iii) To determine the agricultural typology, the procedure to calculate the index 
value of different variables is given in Appendix II. 
(iv) To assess the crop productivity two distinct methods were applied, i.e., Yang's 
'Crop Yield Index' method, and 'Standard Nutrition Unit' output per hectare. 
(v) In order to establish relationship between crop productivity and agricultural 
typology, correlation matrix, and factor analysis were computed through SPSS 
programme. 
Chapter 1 
PHYSICAL SETTING 
A. Study area 
The Ganga-Yamuna Doab is a long and narrow strip of land between two rivers: 
the Ganga making the eastern boundary, and the Yamuna bordering the west. The Doab 
extends in the form of a wedge from the Siwalik Hills to the confluence of the two 
streams at Allahabad. The region lies between 25° 16 to 30° 35' North latitudes and 77° 5' 
to 82° 21 East longitudes and covers an area of about 58400 sq. km .The Doab is roughly 
832 km. in length from northwest to southeast direction, while its width varies about 64 
to 112 km. The whole region consists of 23 districts namely, Saharanpur, Muzaffamagar, 
Meerut, Baghpat, Ghaziabad, Gautambudha Nagar, Bulandshahr, Aligarh, Hathras, 
Mathura, Agra, Firozabad, Mainpuri, Etah, Farrukhabad, Kannauj, Etawah, Auraiya, 
Kanpur Nagar(urban), Kanpur Dehat(rural), Fatehpur, Kaushambi, and Allahabad. 
According to 2001 census the total population of the region is accounted for about 542.01 
lakh persons with an average density of about 928.09 persons per sq. km. 
B. Structure and Relief 
The Ganga-Yamuna Doab structurally forms a part of the Indo-Gangetic plain, which lies 
between the northern Gondwana land of Peninsular India in the south and the recently 
built Himalayan chain of mountains in the north. The plain is 400 km. wide in its 
broadest part and is about 2,400 km. long. It covers an area of about 6, 40,000 sq.km. 
(Krishnan, 1960). The plain consists of the sedimentary deposits brought down by the 
great Himalayan rivers through geological ages. The detritus brought by the rivers ranges 
from big boulders to silt and clay. This sedimentation is believed to have taken place in 
the Gangetic trough of post-tertiary formation and filled by Pleistocene alleviation. The 
presence of genesis and nature of depression is much disputed matter among the 
geologist. Eduard Suess, an Austrian geologist considered that the plain was a 'fore deep' 
between the Himalayas in the north and the Peninsular India in the south. 
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According to this belief, this depression was a syncliorium, out of which the plain 
came into existence (Wadia, 1949). Burrad (1912) on the basis of physical and geodetic 
considerations holds a totally different view. He postulated the origin of this depression 
similar to that of the Great Rift Valley of Africa and probably of the same age. He 
considers that the plain occupies a deep rift valley bounded by parallel faults on two sides 
with a maximum down throw of 32 km. The formation of this great crack 2,400 km. long 
and several thousand meters deep was intimately related to the evolution of the 
Himalayan chain and was in fact the prime event in the whole series of physico-
geographical changes that took place at this period in the earth's history. 
A third and more recent view regards this region as a 'sag' in the crust formed 
between the northward drifting Indian continent in the south and the comparatively soft 
sediments accumulated in the Tethyan Sea as well in the connected basins in the north. 
As the sediments in the Tethyan Sea was being crumpled up and lifted up into a mountain 
system, the rivers were filing up this 'sag' and finally the plain came into existence. 
The nature and configuration of the Gangetic trough beneath the alluvium are not 
exactly known. All drills, which have hitherto been made, failed to reach the rocky 
bottom. The deepest bore hole made at Lucknow is only 400 m. and has not touched the 
rock bottom. However, on the basis of characteristics of Gondwana rocks found on the 
northern rims of the alluvial belt of the plain, Wadia and Auden (1939) maintain, that the 
archaen geneses and the peninsular rocks are continuous underneath the plain. The 
continuous loading of this belt by sedimentation since the first up lift of the Himalayan 
mountains may have accentuated the sinking of the archaen floor, but as the process of 
sedimentation kept pace with that of depression, there arose the great plain. 
On the basis of geodetic data, Oldham (1917) proves that the Gangatic trough 
reaches a depth of 457 to 6,096 meters towards its northern edge and that its floor has a 
fairly regular upward slope to the southern edge. By using the gravity result at different 
stations in the plain, Glennie calculated the depth of the alluvium as 1981 meters 
although this figure conform to geodetic data, it does not conform to geological facts 
(Wadia,.and Auden, 1939). Cowie(1921) using the same data, adopted even higher 
figures and considers the trough to have a thickness of 6,096 meters. 
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In respect of the geological age, the sedimentation of the Ganga-Yamuna Doab 
consists of sands, silts, and clay with occasional presence of gravel beds and less of peaty 
organic matter. The alluvium deposits of the region may be classified into two divisions: 
(i) Bhangav (older alluvium), and (ii) Khadar (newer alluvium). 
The bhangar land occupies the highest ground and is not generally inundated by 
the rivers during the rainy season, whereas the khadar land stretches along the river and 
is occasionally flooded during the rains. Fig. 1.2 shows that the present distribution of 
bhangar and khadar. The bhangar land is almost level plain above the flood level of the 
main rivers and their tributaries. It is dark in colour. The bhangar land contains carbonate 
of lime in the form of nodules locally known as kankar and is characterized by patches of 
saline and alkaline efflorescence which is the result of the gentle slope of the land and the 
composition of the alluvium. 
The khadar or the newer deposits occupies relatively a lower level and is liable to 
inundation at the time of flood. The khadar is light in colour and is poor in calcareous 
matter and corresponds in age with upper Pleistocene and Recent. The khadar land 
occupies a belt of varying width along the bank of rivers. The khadar is free from kankar 
and reh (salt). The Ganga deposits are principally of mud and floods in the Ganga prove 
useful to the cultivators in the low lands, as it adds fertile silt to it. 
C. Drainage 
The Ganga and the Yamuna are the two principal rivers of the Doab. These rivers 
rising in the Himalaya and pass through the Siwalik ranges, enter the plain from the 
northeast in the state of Uttar Pradesh in general, and Doab in particular flows in 
southeast direction. Both of them are known as the great streams because they carry 
sufficient water throughout the year. 
The Ganga 
The Ganga rises in the Gangotri glacier in the Himalayas at an elevation of about 
7010 meters above the mean sea level in the district of Uttar Kashi in the state of 
Uttrakhand. At its source the river is called Bhagirathi. It descends down the valley upto 
Dev Prayag where it is joined by the Alakhnanda, an another hill stream rising from the 
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twin glaciers, the Bhaghirath Khark and the Satpanth. After its confluence with 
Alaknanda the con\bined stream is named known as the Ganga. 
The river continues to flow down in torrents and cascades along the valley for a 
distance of approximately 160 km. and after cutting the Siwalik range of hill through a 
gorge, touches the plain at Haridwar district in the state of Uttrakhand, it flows in a series 
of channels which are separated from each other by islands. The main stream flows close 
to the left, while the principal branch flows along the town of Haridwar on the right bank, 
joining the stream at Kankhal about 4 km. below. The main tributaries of the Ganga in 
the Doab, are the Kali nadi, the Nim nadi, the Isan nadi, and the Pandu nadi. In the 
northeastern section a few streams such as the Sonali, and the Banganga cross the Siwalik 
and join the main river simply as hill torrents. 
The Yamuna 
Although, the Yamuna, itself is a tributary of the Ganga. It has its origin in the 
western sides of the snow-clad peak of Bandarpunch (6,315 m.) in Uttar Kashi district. 
The river passing through the Siwaliks, enters the western plain at a station named as 
Faizabad and from there flows roughly parallel to the Ganga to join it at Allahabad. The 
total length of the Yamuna from its source at Yamnotri to its confluence with the Ganga 
near Allahabad cover about 1,376 km. of which 970 km. are in Uttar Pradesh, 30 km. 
from the common boundary between Himachal Pradesh and Uttar Pradeshi 328 km. 
forms a boundary between the states of Haryana and Uttar Pradesh, and the remaining of 
48 km. area lies in the union territory of Delhi. 
The bank of Yamuna river is subjected to little variations as the river flows 
through a well defined and deep bed. The width of the river varies from 34 km. in the 
months of summer to 90 km. in rainy season. The river Yamuna makes loops and sharp 
bends at some places. Apart from the main river, there are many important tributaries, 
which play a significant role in the agricultural operation. The chief among these 
tributaries are the Hindan, the Karwan, the Sirsa, the Arind or Rind, the Non, the Bari, the 
Sasurkhaneri, on the left bank; while the Sindh, the Chambal, the Betwa, the Dhasan, the 
Ken on the right bank. 
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D. Soils 
The soils of the Doab may be broadly and conveniently studied with reference to 
each of the physiographic regions of the area. The main basis of the soils classification is 
texture, colour, availability of water and level of the land. The soils of the Ganga-
Yamuna Doab are uniform and similar in their characteristics. It is often difficult to 
differentiate the soils of one region from that of the others. However, based on the texture 
each type of the soil is given a local name such as matiyar, domat, balua, and dhankar, 
which have also been adopted in the region during the consolidation of holdings. On the 
basis of such information, an attempt has been made to classify the soils of Ganga-
Yamuna Doab and to examine their areal distribution (Fig. 1.4). 
Broadly speaking the soils of the Ganga-Yamuna Doab are alluvial and 
geologically grouped under two categories namely: (a) the khaddar, and (b) the hangar. 
The khadar or newer deposits consist of coarse gravel near the hills, sandy clay and sand 
along the courses of the rivers and the plain. The bhangar or old alluvium represents the 
gently sloping plain above the level of the rivers where soil varies in texture extensively 
depending upon the nature of topography and drainage. It will be worthwhile here to 
study the distribution and characteristics of various soil types of the Ganga-Yamuna 
Doab in detail. 
The khadar soils are marked by sandy adjacent to the river banks but away from 
the banks, the soils change into sandy silt to silty and clay in the depressions. The khadar 
soils are always exposed to flood and waterlogging. The sandy soil popularly known as 
bhur, for the most part consists of sand of whitish colour. It has many fine gravels. The 
soil appears grey to ash grey on the surface. It dries up completely during summer season 
and leaching takes place with the heavy rainwater during wet monsoon months. Water 
table in the soil is always high which lies close to the surface during the rainy season and 
goes to a depth of only two meters during the summer. 
The khadar soils, therefore, need no irrigation in any cropping season. Agriculture 
however, becomes precarious owing to the waterlogging and floods at least during the 
A/zon/season. Some millet, pulses, and other early maturing crops are grown on this type 
of soil, besides a good harvest of zo/c? crops like musk-melon, water-melon, and creeping 
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vegetables which additionally help in the nitrogen fixation. The general distribution of 
soil along with other type of soils is shown in Fig. 1 A, from which it is clear that these 
soils occur nearly in every districts of the Doab. 
(a) Bhagar Soils 
The variation in the texture of bhangar soils is great which ranges from sandy 
loam to silty clay. These soils of the region according to their texture may be divided into 
(i) Dark loam or black forest soil, (ii) Sandy loam, (iii) Clayey loam, and (iv) Loamy soil. 
(i) Dark Joam or black forest soil 
The land between the torrents of the sub-montane tract (Ghar) in Saharanpur district 
consists of dark loamy soil. A thin layer of the soil resting on a sub-stratum of stones and 
boulders are however numerous torrents in this area, which quickly drain off the rain 
water and lead to the soil erosion. This soil is very productive.The most common crops of 
the area bearing this soil are maize, millets, groundnuts grown in kharif season, and 
wheat, gram, barley, in rabi season. 
(ii) Sandy loam 
The sandy loams are mostly composed by a mixture of sand and loam. It occupies 
considerable portion of a generally well-drained plain. The sandy loam tract stretches in 
an elongated strip along the main rivers, the Ganga and Yamuna. These long patches are 
well defined along the river Yamuna. The greatest width of this tract is seen in the 
districts of Aligarh, Hathras, Mathura, and Agra. The upper limit of this trip covering the 
districts of Saharanpur, Muzaffamagar, Baghpat, and Gautambudda Nagar is 
comparatively narrow. 
The sandy loam tract along the Ganga is rather broad in upper Doab and 
interrupted by a long patch of good quality of loam, chiefly in the districts of Etah, 
Farrukhabad, and kannauj. The sandy loam soil found in Fatehpur, Kaushambi and 
Allahabad districts is confined in Pandu and Rind inter-flue; although some portion 
across the Rind nadi contains of sandy loam soils. 
The most important characteristics of this soil are its homogeneity and level 
topography throughout the area. The texture of these soils is predominantly sandy and its 
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colour ranges from brown to reddish brown. The water holding capacity is generally low. 
The constant use together with the sandy nature of the soil has made the soil deficient in 
mineral nutrients. The lime percentage almost every where is low and being acidic in 
reaction. These soils are generally poor in organic mater and total nitrogen. 
(iii) Clayey loamy soil 
The clayey loam tract is mainly confined to the low lying area of the Ganga-
Yamuna Doab. There are certain other small and narrow tracts running parallel to the 
course of the river Ganga, especially in the districts of Kanpur Nagar (urban), Fatehpur, 
Kaushambi, and Allahabad. An another tract of this soil type is found between the Rind 
and Sirsa river, flowing through the districts of Etawah, Auraiya, and Kanpur Dehat 
(rural). This occurs in the low lying areas where jhils and swamps are the common 
features and the drainage is very restricted. 
The soils are clayey to loam in texture but at elevated places the texture changes 
into loam. The soil becomes very compact and hard, and ploughed with great difficulty. It 
is ash grey or dark grey in colour tending to become black when, it is moist. Generally, 
these soils are very rich in soluble salts, which accumulate on the surface during the dry 
period after monsoon. The salts present in the soils are mainly carbonate and bicarbonate 
but substantial quantities of chlorides and sulfates are also found. 
(iv) Loamy soils 
Among the bhagar soils, loamy is the most fertile which occupies considerable 
portion of generally well-drained plain. In their texture loamy soils are composed of the 
mixture of sand and clay. These soils contain a smaller percentage of coarse and fine sand 
but a large proportion of silt and clay. The colour depends on the amount of clay present 
and ranges from light grey to brownish. The loamy soil tract is confined to the Kali-
Ganga inter-fiuve, where it approximately covers an area of about 15 to 30 per cent of 
cultivated land. In the central Doab the most common soil is loam, which is extensively 
distributed in the districts of Aligarh, Hathras, Etah, Mainpuri, Farrukhabad, Kannauj, 
Etawah, and Auraiya. 
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The bulk of these soils in lower Doab districts are mainly influenced by the flow 
of rivers. In the south-western edge of the district of Kanpur Dehat (rural), the soils are 
thick black clay. In the north, there exists a narrow strip fairly level tract between the 
rivers, the Ganga and the Isan. As the clay particles in the soil is only limited and the soil 
has light texture, it does not have a high water-holding capacity and are not very suitable 
for growing crops especially in the absence of irrigation facilities. 
E. Climate 
The Ganga-Yamuna Doab enjoys a tropical monsoon climate that is characterized 
by a seasonal rhythm, produced by the southwest and northern monsoon winds. The 
reversal of pressure takes place regularly twice in a year due to prevalent winds. During 
the northeast monsoon period, the wind blows form west to east and they are almost dry 
because of their continental origin. The weather conditions in this season are marked by 
clear sky, low humidity and extreme of temperature. During the southeast monsoon 
period the winds blow from east toward west. They are oceanic in origin and laden with 
much moisture. The intense heating of the area during this season produces steep gradient 
owing to which the winds blow relatively with a high speed. The associated weather is 
characterized by overcast sky, heavy rain fall and high relative humidity. 
The seasonal rhythm of monsoon reversal is well marked and a slight variation 
has an adverse impact on agricultural operations in Doab. The kharif and rabi seasons are 
associated with the wet and dry nature of monsoon. The dry northeast monsoon extends 
from the month of November to the middle of June and temperature variation between 
the first four months and the last three and half months of the year are so great, therefore, 
this period can conveniently be divided into cold weather season and hot weather season. 
The wet monsoon season extends from the month of June to September. The Doab 
receives from 60 to 100 cm. rainfall annually, of which about 90 per cent occurs during 
the months of July to August. 
Climatic characteristics with reference to four distinct seasons: 
(i) The cold weather season (December to February). 
(ii) The hot weather season (March to mid -June). 
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(iii) The season of rains (mid-June to September). 
(iv) The season of retreating monsoon (October to November). 
(i) The cold weather season 
Winter season is marked by a fall in temperature and prevalence of dry and chilly 
westerly winds with clear sky. The minimum temperature at some places drops to about 
2''C in January and the maximum temperature rise to about 47°C in May and June 
(Table 1.1). The months of October and November show a decline in temperature and 
serve as the months of transition with spells of sultry and fair weather. The mean monthly 
temperature has been recorded at the stations of Muzaffamagar in the northern part and at 
Allahabad in the southeastern part, during the month of November is 17.9°C and 21.1°C 
respectively. The mean minimum temperature in the same month on at the same stations 
is 5.8°C and 9.4*^ 0, while the mean maximum temperature recorded is 30°C and 32.8°C 
respectively. The lowest temperature recorded in the month of January at Muzaffamagar 
and Allahabad is 2°C and 4.5°C, and the mean maximum temperature for the respective 
station in the same month is 23°C and 26.3°C respectively. By the month of February 
temperature begins to rise but still remains low as compared to that of November. 
A significant climate feature of this season is that during the months of January 
and February western depressions enter India through Iran, Afghanistan, and Pakistan 
and reach eastwards upto West Bengal and provide some rains in the Doab. The total 
amount of rains occurring during winter season does not exceed form 4 to 5 cm. The 
winter rain is not sufficient for the crops grown in rabi season especially for high 
yielding varieties of wheat, which requires at least 3 or 4 waters through irrigation. 
The second important feature of this season is the occurrence of frost and hail. 
Frost is locally known as pala, usually occurs in the month of January, when the rabi 
crops are immature and liable to injury. Hail may occur and it can damage the plants 
when they are at the stage of flowering. In these months heavy mist fog locally known as 
kohra often occurs at night and lasts until the morning with the sun rise. Occasionally, the 
fog becomes so intensive and if it is prolonged for few consecutive days may damage the 
rabi season crops. 
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(ii) The hot weather season 
The hot weather season is characterized with ai\ increasing temperature and lowering of 
pressure. The hot weather season extends over, the months of March to June. In the 
Doab, the maximum temperature of the year is recorded in the last days of the month of 
May or early June. Due to mounting temperature and steady fall of mercury, the 
conditions become more oppressive. As a resuh in the last week of May and early June, 
the shade of temperature in the day across the Doab commonly varies from 38°C to 44°C, 
whereas the night temperature ranges between 16°C and 19°C and the relative humidity 
decreases to about 42 per cent in April and 39 per cent in May (Walker, 1914). The mean 
maximum temperature in the upper Doab is about 40° C, while in the central Doab it is 
around 41°C. It rises further towards southeast and becomes about 42°C in the lower 
Doab. During the day, the winds blow constantly with full vigour, imparting intense 
dryness to the atmosphere. These winds are locally known as loo and invariably blow 
from northwest, west and southwest (Blandford, 1886). However, when the summer 
season is in full bloom, this region comes under the grip of intense movement of westerly 
winds. The force of these winds is liable to dumal fluctuation and usually becomes feeble 
during night hours. But in the after noon it is at its peak and is often associated with dust 
storms which occasionally become very fierce. These dust storms are locally known as 
andhis. They are normally associated with powerfiil squalls of short duration not lasting 
for more than an hour and occasionally bring a little rainfall which barely exceeds 5cm. 
(Blandford, 1889). The occurrence of these showers brings some relief from the 
unbearable heat. 
(lit) The season of rains 
By the end of month of June the 'burst of monsoon' brings an enormous relief 
form the heat of the summer. Some times the onset of the monsoon may extend as late as 
to the weeks of the month of July or it may withdraw from some considerable period, the 
abruptness of its onset is first experienced over the eastern section of the Doab. In lower 
Doab, it normally arrives by the middle of June, but in the central and upper Doab it does 
not arrive earlier than the end of the third or fourth week of June. With the arrival of the 
monsoon the weather conditions undergo a remarkable change and the day temperatures 
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immediately drop to a considerable extent. With the approach of the monsoon the wind 
veers to the east and till the rain actually breaks, the weather becomes more oppressive. 
But when the rainy season sets in fully the weather becomes fairly cool. During this 
period, owing to the excessive humidity, there is but little difference between the day and 
night temperature. 
During the months of July and August rainfall occurs generally in dry spells 
which are characterized by rainless intervals spreading for few days or some times a 
week or even a forth night. The month of August is normally the rainiest month of the 
season and receives nearly 50 per cent of the total rainfall. As the monsoon current 
becomes feeble in the month of September, the rainfall is much reduced and the rainless 
intervals become longer. The relative humidity, however, remains high and averages 
about 82 per cent (Walker, 1914). 
(iv) The season of retreating monsoon 
The retreating phase of monsoon begins from the month of October and continues 
until the end of the month of November. In the month of October, the mean monthly 
temperature is recorded at few stations as 24°C at Muzaffamagar and 26°C at Aligarh. 
The mean maximum temperature during this month at Muzaffamagar and Aligarh is 35 C 
and 37°C respectively, while the mean maximum temperature 12.5°C and 14.3°C 
respectively. In the month of November, there is further decrease in the mean monthly 
temperature which remains about 18° C at Muzaffamagar and 20° C at Aligarh. The 
relative humidity at Muzaffamagar in the month of October and November is recorded as 
75 and 77 per cent respectively. The total amount of rainfall received during the 
retreating monsoon period remains less than 17.5 cm. at all the statioiis. 
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CHAPTER 2 
LAND USE AND CROPPING PATTERN 
A. Land Use Patterns 
Land resources play a strategic role in the determination of man's 
economic, social and cultural progress which could be easily seen through the 
history of economic growth of any region or country. The concept of land use is a 
wide and complex one. Land with its varied topography, slope, soils, temperature, 
precipitation, natural cover and countless creatures have to be plaimed to engrave an 
economy where man can maintain a standard of existence. The basic aim of land use 
is to ascertain the use of land for various purposes (its proper use and misuse) under 
different socio-economic and environmental conditions and to put its use for better 
utilization on a scientific principles and minimizing its degradation. The existing 
patterns of land use in the Ganga-Yamuna Doab have evolved with sufficient 
transformation of the landscape since time immemorial. On the basis of on going 
process, the physical landscape of the area changes into a cultural one, in which the 
entire gamut of change is oriented toward achieving means and ways to fulfill the 
needs of human beings. 
Classification of land use 
The classification of land is quite essential and rather a prerequisite in any 
land use planning and development. Unless it is determined as to what is the 
optimum use of a particular piece of land, what are its problems? What are their 
adequate solutions? Can a single plan be proposed successfully? The land use 
planning is thus essential for land use in such a way that it can put to the most 
beneficial use together with their conservation for future generation. 
The entire area of the Ganga-Yamuna Doab can be put into the seven broad 
categories of land use: 
1. Forests 
2. Land not available for cultivation 
(a) barren and unculturable land 
24 
(b) land put to non-agricultural uses. 
3. Other uncultivated land excluding fallows 
(a) permanent pastures and other grazing lands 
(b) miscellaneous tree crops and groves not included in the net area sown. 
4. Culturable waste 
5. Fallow land 
(a) current fallow 
(b) fallow land other than current fallow 
6. Net sown area 
7. Area sown more than once 
Figure related to the above land use classification for the Ganga-Yamuna 
Doab are given in Table 2.1 for three different periods of time, i.e., 1985-1989,1990-94 
and 1995-99. The statistical data of five successive years have been averaged for each 
period. 
1. Forests 
Forests include all actually forested areas or lands classed or administered 
as forests under any legal enactment dealing with forests whether state owned or 
private. The forests occupied 246 thousand ha. (3.56 per cent) of the total reporting 
area during 1985-89. It is evident from Table 2.1, that the area under forest is 
almost stagnant during 1990-94 and 1995-99, which is accounted for about 233.2 
thousand ha. (3.45 per cent) and 233.5 thousand ha. (3.44 per cent) respectively. 
Most of the area under forest cover is confined mainly in the districts of 
Saharanpur, Agra and Etawah (Appendix I). 
The area under forests is mainly covered with the trees of sal {Shorea 
rohusta), shisham {Dalbergia sissoo), khar {Acacia catecbu), babul and semal and 
some varieties of wild vegetation along with some tall grasses, i.e., kans and munj 
are found. With the increasing pressure of population and mechanization of 
farming, most of the forest covers have been cleared and land put to cultivation. 
2. Land not available for cultivation 
Under this category, there are two types of land: 'barren and unculturable 
waste' and 'land put to non-agricultural uses'. The previous one includes all such 
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type of land which are practically useless or unproductive and virtually unfit for 
cultivation, i.e., saline and alkaline, waterlogged and ravine lands. Second category 
includes such lands which are not available for cultivation, though they are arable 
Table 2.1 
Land Use Patterns in the Ganga-Yamuna Doab 
Category A^ear 
1 
2 
(a) 
(b) 
3 
4 
(a) 
(b) 
5 
(a) 
(b) 
6 
7 
8 
So 
Area under 
forests 
Land is not 
available for 
cultivation 
barren and 
uncultivated 
land 
land put to 
non-
agricultural 
uses 
Culturable 
waste land 
Other 
uncultivated 
land 
permanent 
pastures and 
grazing lands 
land under 
miscellaneous 
tree crops and 
groves 
Fallow land 
current 
fallows 
other fallows 
Net sown 
area 
Area sown 
more than 
once 
Total 
reporting 
area 
urce: Data obtai 
1985-85 
Area 
(inOOO 
ha.) 
245.69 
943.17 
285.90 
657.27 
198.66 
85.24 
27.13 
58.11 
514.67 
266.59 
248.08 
4907.77 
2461.89 
6895.20 
ned from t 
Percentage 
3.56 
13.68 
4.15 
9.53 
2.88 
1.23 
0.39 
0.84 
7.47 
3.87 
3.60 
71.18 
le Directorate 
1990-94 
Area 
(inOOO 
ha.) 
233.15 
928.59 
258.00 
660.59 
199.53 
79.30 
25.63 
53.67 
494.56 
250.93 
243.63 
4846.29 
2694.22 
6762.42 
of Agricull 
Percentage 
3.45 
13.59 
3.82 
9.77 
2.83 
1.17 
0.38 
0.79 
7.31 
3.71 
3.60 
71.66 
'ure, U.P., Lucli 
1995-99 
Area 
(in 000 
ha.) 
233.49 
924.61 
233.24 
681.37 
177.5 
81.15 
24.30 
56.85 
481,27 
255.30 
225.97 
4909.10 
2595.62 
6797.14 
aiow 
Parentage 
3.44 
13.45 
3.43 
10.02 
2.61 
1.20 
0.36 
0.84 
7.08 
3.76 
3.32 
72.22 
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Land Utilization in Ganga-Yamuna Doab 
Net Sown Area 
71% 
NetSownArea 
72% 
Land Not 
Available tbr 
CUti nation 
14% 
Qher 
UncUtJvated Land 
4% 
Fallow Land 
8% 
1985-89 
Forest 
3% 
Land Not 
Available for 
Cultivation 
14% 
aher 
UncUtjvated Land 
4% 
Fallow Land 
7% 
1990-94 
Forest 
Land Not 
Available tbr 
Cultivation 
Net Sown Area 
72% 
^^ 
^ 
^^S 
3% 
^j^^^aft .">^ . [ 
^^^^f'-i^sf^ 
K^^^^aNrf*'^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ S h ^ 
1995-99 
14% 
OUier Uncultivated 
\ r Land 
M °^^ ° 
^ : \ Fallow Land 
ST '^^  
Fis.2.1 
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lands. This category covers all types of land which is under inhabitation, factories, 
under the roads for transportation, canals, reservoirs and lands put to uses other than 
agriculture. 
In 1985-89, the area under barren and uncultivated land accounted for 
285.9 thousand ha. (4.15 per cent) of the total reporting area, w h^ich decreased to the 
tune of 285 thousand ha. (3.82 per cent) to 233.2 thousand ha. (3.45 per cent) in 
1990-94 and 1995-99 respectively. The land under non-agricultural uses shows a 
sharp increase in area from 657.3 thousand ha. (9.53 per cent) in 1985-89 to 660.6 
thousand ha. (9.77 per cent) in 1990-94. The area under this category increased to 
21 thousand ha. (0.25 per cent) between 1990-94 and 1995-99. This increase in area 
is due to the high demand on land which has been necessitated due to lying of new 
roads, factories, and expansion of urban areas. 
3. Other uncultivated lands excluding fallows 
This category includes permanent pastures and other grazing lands, 
miscellaneous tree crops and groves and cuiturable waste. The permanent pastures 
and other grazing lands cover all permanents pastures and meadows, village's 
common and grazing lands. Land under miscellaneous tree crops and groves include 
all cultivable land which is not include under the net sown area, but is put to some 
agricultural use. Land under casuarinas trees, thatching grass, bamboo bushes and 
other groves for fuels, which are not included under orchards are classed under this 
category. 
The cuiturable waste land includes the lands available for cultivation, 
whether not taken up for cultivation or abandoned after a few years for one reason 
or the other. Such land may be kept as fallow for more than five years. The reason 
may be enumerated as: encroachment by Kans and paters, flood and erosion, poor 
drainage and scarcity of water. 
Taking into consideration of the Doab, the area under pastures and grazing 
lands is not very significant. The area under this category shows a declining trend 
and accounted for 24.3 thousand ha. (0.36 per cent) in 1995-99 as compared to 
27.13 thousand ha. (0.39 per cent) in 1985-89. This trend of decrease in area is 
mainly due to the increasing demand for growing more food crops and land 
reclamation. 
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The area under miscellaneous tree crops and groves accounted for about 
58 thousand ha. (0.84 per cent) during 1985-89, which declined to about 4.4 
thousand ha. in 1990-94. During 1995-99, the area under this category further 
increased and accounted for 56.85 thousand ha. (0.84 per cent). The slight 
decreasing as well as increasing trend in area under this category is due to the 
plantation of new varieties of mangoes and other fruit crops. The districts of 
Allahabad, Farrukhabad, Kanpur Dehat (rural), Saharanpur and Bulandshahr have 
recorded the highest planted area under trees and orchards (Appendix I). 
The land within the category of culturable waste shows a declining trend 
for the entire Doab and constitutes a low percentage of area. During 1985-89, the 
area under this category accounted for 2.88 per cent, which decreased to the tune of 
2.82 per cent and further to 2.61 per cent during 1990-94 and 1995-99 respectively. 
The districts of Etah, Farrukhabad and Mainpuri have the highest area, while the 
district of Saharanpur, Muzaffarnagar and Meerut have the lowest one. The decline 
of area under the waste land is due to an increase in the amount of net sown area. 
4. Fallow lands 
The category of the land under the current fallow comprises the area, 
which is kept free from cultivation during the current year. The other fallow lands 
include all lands which are taken for cultivation but which remain out of cultivation 
for some reasons for a period of not less than one year and not more than five years. 
This category shows a slight decrease in area for the entire Doab for the period 
1985-1989 to 1995-1999. The area under both the categories has been calculated as 
514.67 thousand ha. (7.5 per cent) during 1985-89, while in the periods of 1990-94 
and 1995-99, it accounted for 494.56 thousand ha. (7.3 per cent) and 481.27 
thousand ha. (7.1 per cent) respectively. 
The fallow lands are mainly confined in the districts of lower Doab, 
namely, Allahabad, Kaushambi and Fatehpur. Mainpuri and Kanpur Nagar (urban) 
districts in central Doab. The concentration of fallow lands also varies in 
accordance with the amount and incidence of rainfall. 
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5. Net area sown 
The area under this category shows an increasing trend. During 1985-89, 
the net area sown was 4907.8 thousand ha. (71.18 per cent) which shows a slight 
increase of 0.48 per cent, between the period of 1985-89 and 1990-94. During the 
period of 1995-99, net sown area accounted for 4909.1 thousand ha. (72.22 per 
cent), an area of 62.81 thousand ha. (0.56 per cent) added to the figure as compared 
to 1990-94. 
There is a marked variation in each district with reference to the amount of 
net sown area. The highest concentration of net sown area is seen in the districts of 
Mathura, Meerut, Muzaffarnagar, Bulandshahr, Baghpat and Aligarh, whereas, the 
districts of lower Doab show a low percentage. 
The characteristics of soil and the application of modern agriculture 
techniques have been the main factors for variations in the extent of net sovm area 
in the Ganga-Yamuna Doab. Along with, the other factors which may be accounted 
as: a continued population pressure, a substantial rise in prices of agricultural 
commodities, increasing demands of food grains and goverrmient policies in 
extension services to the farmers. 
6. Area sown more than once 
Whenever more than one crop is grown on the same field in the same year 
is included in this category. The area under this category shows some fluctuations 
and accounted for about 2462 thousand ha. in 1985-89, while it has been estimated 
to the tune of 2694 and 2595 thousand ha. during 1990-94 and 1995-99 respectively. 
B. Cropping Patterns 
The cropping pattern of an area refers both the time and space sequence of 
crops. It is considered on the basis of relative proportion of area brought in for 
cultivation of different crops in a given area at a given point of time. Thus, the 
cropping pattern denotes a spatial and temporal association of crops grown in a 
region. It involves not only of crops species but also of varieties, mixed or inter-
cropping and crop system (Singh and De, 1978). An another view refers the 
cropping pattern as that the relative arrangement of crop on a farm, region, province 
or country, apportioning due consideration of natural factors (climate and soil), crop 
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efficiency, land capability, socio-economic structure, technological and 
infrastructural extension and the national agricultural policy (Pal et al., 1985). 
Therefore, cropping pattern can be defined as the yearly sequence and spatial 
management of crops in a given area, which is based on cropping pattern zones, 
which have been developed to divide the region into homogeneous unit using the 
entities like soil and climate besides physical and agronomic criteria sub-divided on 
the basis of isothermic lines (Saran et al., 1989). 
Consideration of cropping patterns of a region should logically begin with 
the study of its climatic conditions and soils that constitute the area and the sub-
terranean envirormient of crop plants. The distribution of crops, their production and 
the season of cropping are influenced by climatic factors (temperature and rainfall) 
to a greater extent degree other than enviroimiental factors. Crops differ in their 
requirement of the optimum, maximum, and minimum temperature and react 
differently to change in the levels of this factors, such as soil texture, arrangement 
of soil layers which affect the moisture storage capacity of the soil and hence the 
choice of crops. Consequently, the suitability of crops for different area is 
controlled by climate interacting with soil. It is thus important to delineate the soil 
climatic zones not only to interpret cropping patterns as they exist but also to locate 
the maladjustment if any and to project new cropping pattern in consideration of 
ecological factors. 
Apart from soil and climatic conditions, the cropping pattern of a region 
also depends upon the sources and availability of irrigation water. Wherever, water 
is available, double or triple cropping is possible. 
Where there exist variations in soil fertility, rainfall and temperature, there 
are variations in the cropping pattern and productivity levels in the Ganga-Yamuna 
Doab. The growth pattern in area, production and yield of crops assume special 
importance in economy because it helps in locating the less developed areas in the 
phase of agricultural development. 
In order to analyse the cropping pattern in the Ganga-Yamuna Doab, it 
would be worthwhile to give some preliminary explanations about the crops and 
their growing seasons. The cultivation practices in the Ganga-Yamuna Doab revolve 
around two crop seasons, namely, kharif or the season of summer crops, and the 
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rabi or the season of winter crops. The sowing of kharif crops advents with the 
monsoon, generally in the second week of June. The principal crops sown in the 
kharif season are: rice {Oryza sativa), jowar {Sorghum vativum), bajra 
{Penniselumty phoideum), maize {Zea mays), pigeon-pea (Cajanus indicus), green 
gram {Phaseolus dureus roxb), blackgram {Phaseolus mungo), groundnut {Arachis 
hypoged) and sugarcane (Saccharum offlcinarum). As the kharif season 
correspondence with the rainy season, therefore the crops grown with the rain water 
and a very little amount is needed with exception of sugarcane. The rabi crops are 
normally sown in the month of October. The major crops sown in this season are: 
wheat (Triticum sativum), lentils (Lens esculenta), barley (Hordeum vulagare), pea 
{Pisum sativum) and potatoes {Solarium tuberosum). As the rabi season 
correspondence with dryness, therefore the provision of irrigation is a prerequisite 
for the successful crop growing. With the expansion of lentil and gram crops almost 
all the rabi crops need more than one irrigation during the growing period (Shafi, 
1984). 
The harvesting period of crops grown during kharif season starts by the 
end of monsoon, i.e., from the month of September to October, and the harvesting 
of crops grown in rabi season extends from March to April. 
Area, Production and Yield of Crops 
Table 2.2 shows the estimates of area, production and yield of major crops 
grown in the Ganga-Yamuna Doab from 1985-86 to 1999-2000. The crops in a 
sequence of period show considerable fluctuations in area and production. 
Rice 
Rice is an important crop of this region and stands next to wheat in 
acreage. There are two varieties of rice grown in this region viz. the early maturing 
variety, which is sown from the middle of June to mid of July and is harvested by 
the end of October, and a late variety which is sovm in the month of July and is 
harvested in December. It is usually grown on clayey soil which is sown in shallow 
depressions and locally known as dabar. It will be seen from Table 2.2 that rice 
covered an area of 785.26 thousand ha. during 1985-86 and it declined about 724.14 
thousand ha. in 1990-91 and the area under rice crop shows an increasing trend in 
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subsequent years and recorded the highest area of 938.17 thousand ha. during 1999-
2000. Although it recorded an insignificant increase in area but the production and 
yield per hectare show significant increase. The quantum of production rose from 
1339.74 thousand m. tonnes in 1985-86 to 1398.31 thousand m. tonnes in 1990-91 
and reached to the level of 2030.33 thousand m. tonnes in 1999-2000. Similarly the 
yield increased from 17.06 qnts./ha. in 1990-91 and 21.64 qnts./ha. during 1999-
2000. 
Wheat 
Wheat has a distinction of being the most extensively cultivated crop in 
rabi season in Doab. It is usually sown by the end of October and ripens in March 
to April for the final harvest. There are two common methods of wheat sowing in 
the region: broadcast method and line-sowing method. During 1985-86, wheat 
occupied 2391.59 thousand ha. and registered a production of 6048.20 thousand m. 
tonnes with an average yield of 25.28 qnts./ha. During 1990-91, wheat covered an 
area of 3514.79 thousand ha. and increased about 1123.20 thousand ha. as compared 
to the area in 1985-86. Despite increase in area during different years, it covered 
only 2683.49 thousand ha. in 1999-2000. As regards to the production of wheat, the 
situation has been well encouraging. During 1990-91, the production of wheat 
accounted for 6287.60 thousand m. tonnes as compared to 6048.20 thousand m. 
tonnes in 1985-86. The highest production of wheat in the region accounted for 
8715.98 thousand m. tonnes in 1999-2000. The average yield rose from 25.28 
qnts./ha. in 1985-86 to 32.47 qnts./ha. in 1999-2000. 
Maize 
Maize which is also known as Indian corn and is one of the important 
staple food crop. The cultivation of maize generally starts with the onset of 
monsoon in first or middle week of June. Well drained and generally light soils are 
best suited for the cultivation of maize. 
It is seen from Table 2.2 that the area under maize shows a declining trend 
from 1985-86 to 1999-2000, while production and yield per hectare show a slight 
fluctuation. During 1985-86, maize was cultivated over an area of 558.91 thousand 
ha. The area under maize is further decline from 491.17 thousand ha. to 408.68 
36 
thousand ha. in the years of 1990-91 and 1999-2000 respectively. However, the 
quantum of maize production accounted for 841.01 and 862.15 thousand m. tonnes 
in 1985-86 and 1990-91 respectively, while in 1999-2000, it declined to a level of 
758.99 thousand m. tonnes. The average yield was 15.04 qnts./ha. in 1985-86 and 
arose from 17.55 qnts./ha. to 18.56 qnts./ha. in 1990-91 and 1999-2000 
respectively. 
The Millets 
The cultivation of millets (jowar and bajra) comes next to rice, wheat, and 
maize in importance. The area and production of jowar need to be increased, as both 
show fluctuations. The area under jowar was accounted for about 136.52 and 121.77 
thousand ha. during 1985-86 and 1990-91 respectively. In 1999-2000, area shows a 
declining trend and fall about 30.05 thousand ha. as compared to 1985-86. The yield 
per hectare shows a significant increase and accounted for 6.79 qnts./ha. in 1985-86, 
10.66 qnts./ha. in 1990-91 and 10.99 qnts./ha. in 1999-2000. The highest yield 
(11.68 qnts./ha.) has been recorded in the year of 1995-96. 
In case of bajra, there is a marginal increase in area. During 1985-86, bajra 
covered an area of 543.40 thousand ha. and with the fractional increase year-wise 
the coverage reached the level of 558.93 thousand ha. in 1999-2000. A significant 
change in the quantum of production and yield can be seen from Table 2.2. 
The production of bajra recorded 444.03 thousand m. tonnes in 1985-86, which 
increased to about 617.67 thousand m. tonnes in 1990-91 and 868.28 thousand 
m. tones during 1999-2000. The yield per hectare shows an upward trend in 
subsequent years. During 1985-86, it was 8.18 qnts./ha. and increased upto a level 
of 15.53 qnts./ha. in 1999-2000. 
Barley 
Barley being a shallow rooted crop grows well on light loamy soil. It is 
sown by the middle week of October. With regards to the area and production of 
barley, the estimates are not well convincing. It shows a declining trend in area 
(Table 2.2). In 1985-86, barley covered an area of 290.44 thousand ha. and got 
highest rank in the entire study periods. It further decreased to 249.30 thousand ha. 
and 167.43 thousand ha. in 1990-91 and 1999-2000 respectively. The production of 
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barley shows the fluctuation and recorded 500.26 and 458.81 thousand m. tonnes. 
The yield per hectare show an upward trend in subsequent years of 17.18 qnts./ha. 
in 1985-86, 18.43 qnts./ha. during 1990-91, and 23.23 qnts./ha. in 1999-2000, while 
the year 1997-98 recorded the highest yield of 23.24 qnts./ha. 
Gram 
Gram is one of the principal rabi season crop and is grown on sandy to 
sandy loam soil. The sowing of gram begins in October when the monsoon rains are 
over. It is seen from Table 2.2 that the area and production of gram have declining 
trends. In 1985-86, gram covered an area of 379.20 ha. with the production of 
398.05 thousand m. tonnes. During 1999-2000, it occupied an area of 191.97 
thousand ha. and production accounted for 208.20 thousand m. tonnes. The yield 
per hectare shows an increasing trend and the year of 1998-99 registered the highest 
yield of 11.35 qnts./ha. 
Peas 
Peas is an important rabi pulse crop of the region. The crop is sown in 
third week of October and is ready for harvest in February to March. It is grown on 
loam or clayey loam soils but well drained soils adequately supplied with lime are 
ideal for peas. Peas, like gram shows a similar trend in area. In 1999-2000, peas 
covered an area of 57.70 thousand ha. as compared to 125.04 thousand ha. during 
1985-86. 
The production shows an insignificant increase and accounted for 175.77 
thousand m. tonnes and 176.32 thousand m. tonnes in 1985-86 and 1990-91 
respectively. During 1999-2000, it recorded about 111.73 thousand m. tonnes and 
the year of 1998-99 registered the lowest production of about 90.54 thousand m. 
tormes. The yield per hectare indicates fluctuation and recorded in subsequent years 
to about 14.01 qnts./ha. in 1985-86, 15.17 qnts./ha. in 1990-91 and 13.79 qnts./ha. 
during 1999-2000. 
Arhar 
It is a major pulse crop of the region and sown in kharif season. Arhar is a 
deep rooted and soil building crop. It is sown in the middle of June, flowering takes 
place in cold weather season and ripens by the month of March. Arhar can be grown 
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on almost all types of soils but it flourishes well on light moist where its long roots 
may develop freely. In case of arhar stagnation in area persists. The production has 
declined in the subsequent years, and consequently the yield per hectare has also 
declined (Table 2.2). 
Oilseed crops 
The major oilseeds of the rabi season are: mustard, rapeseed, till and 
linseed. These crops are sown in the month of October and ripen in February. They 
require a highly manured soil. The area and production under oilseeds increased 
from 376.37 thousand ha. and 270.98 thousand m. tonnes to 524.10 thousand ha. 
and 560.25 thousand m. tonnes respectively from 1985-86 to 1995-96; thereafter, its 
area as well as production has declined. During 1999-2000, the area and production 
were 373.80 thousand ha. and 367.29 thousand m. tonnes. The yield per hectare 
shows an upward trend in subsequent years excluding the period of 1992-93, which 
recorded the lowest production and yield of 309.21 thousand m. tormes and 6.33 
qnts./ha. respectively. 
Sugarcane 
Sugarcane is the most important cash crop of the region. Sowing of 
sugarcane begins in the month of March when the temperature required by the plant 
is sufficient for the growth. Sugarcane is quite adaptable to varying soil conditions, 
but loamy soil with good drainage and slightly acidic to alkaline soils are best suited 
for this crop. It is evident from the Table 2.2 that the area, production and yield of 
sugarcane show an increasing trend. The area covered by sugarcane has been 
increased from 604.95 thousand ha. in 1985-86 to 645.92 thousand ha. in 1990-91. 
During 1999-2000, the area under sugarcane has been accounted for 678.42 
thousand ha. 
In 1996-97, the highest area has been recorded of about 701.80 thousand 
ha. During 1985-86, production was 30366.59 thousand m. tormes and increased 
from 40559.15 thousand m. tonnes to 41457.09 thousand m. tonnes in 1990-91 and 
1999-2000 respectively. Similarly the average yield of sugarcane also increased. In 
1985-86, the average yield per hectare was 501.59 qnts./ha. which increased 
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gradually to the highest level of 627.85 qnts./ha. during 1990-91, and slightly 
declined to 611.46 qnts. /ha. in 1999-2000. 
Potatoes 
Table 2.2 shows that the potatoes registered an increasing trend with 
respect to area, production and yield in subsequent years. During 1985-86, potatoes 
covered an area of 133.42 thousand ha. and with fractional increases year-wise, the 
area reached the level of about 151.84 thousand ha. in 1990-91 and 219.36 thousand 
ha. during 1999-2000. The production of potatoes recorded about 1997.73 thousand 
m. tonnes in 1985-86, which further increased to 3284.39 thousand m. tonnes and 
5631.73 thousand m. tonnes in 1990-91 and 1999-2000 respectively. The figure of 
yield per hectare followed the same trend and recorded 150.22 qnts./ha. in 1985-86, 
216.05 qnts./ha. during 1990-91. The year 1999-2000 recorded the highest yield of 
257.17 qnts./ha. 
Growth of Area, Production and Yield of Major Crops 
For the assessment of growth in area, production and yield in the Ganga-
Yamuna Doab, three distinct periods, i.e., 1985-89, 1990-94 and 1995-99have been 
taken, data for five successive years were averaged for the entire periods of study. 
The data for all the successive years were obtained from the Aimual Season and 
Crop Reports published by the Directorate of Agriculture, U.P., Lucknow. During 
1995-99, six new districts namely, Baghpat, Gautambudha Nagar, Hathras, 
Kannauj, Auraiya and Kaushambi were created which have been included in the 
study. The important crops considered for the analysis of this study are cereal crops 
to include rice, wheat, maize, jowar, bajra and barley; pulse crops to include gram, 
peas and arhar; oilseed crops comprising rapeseed, mustard and groundnut, and the 
cash crops to include sugarcane and potatoes. Crop-wise area, production, yield and 
their respective grov^h have been computed during corresponding periods. Tables 
2.3, 2.4 and 2.5 show the growth with regard to area, production and yield. 
(a) Growth in area, production and yield of crops -1985-89 
Cereal crops 
Table 2.3 shows that cereals occupied an area of 4562.03 thousand ha. and 
registered a production of 9083.36 thousand m. tonnes with an average yield of 
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19.91 qnts./ha. With regards to area, production and yield of cereals, the rate of 
growth per annum in corresponding period (1985-89) are +2.31, +15.87 and +25.84 
per cent. Among the individual crops within the category of cereals, rice, wheat and 
barley show an increasing trend in area of +5.66, +0.69 and +5.29 per cent, while 
the remaining crops (maize, jowar and bajra) registered a declining trend (Table 
2.3). In case of production and yield, all the cereals indicate an upward trend 
excluding maize and barley (-5.98 and 0.99 per cent in production). The highest 
growth of 5.66 per cent has been recorded in area under rice cultivation. 
Pulse crops 
The area and production of pulse crops during 1985-89 were recorded as 
582.87 thousand ha. and 682.19 thousand m. tonnes and show negative growth of 
-12.98 and -8.64 per cent per annum with regard to area and production. The yield 
per hectare of pulses was 11.70 qnts./ha. and show a positive growth of+6.24 per 
cent per annum. Gram, peas and arhar show a declining trend in area. With regard to 
the quantum of production, these crops registered a growth of -6.50, -2.19 and 
+0.05 per cent a year. The upward trend in yield per hectare is shown by all the 
crops. 
Oilseed crops 
The cultivation of oilseeds do not occupy significant place in the 
agricultural economy of the region. It is evident from the Table 2.3 that oilseeds 
covered an area of 373.97 thousand ha. and the production was registered about 
302.92 thousand m. tonnes with an average yield of 8.10 qnts./ha. The area, 
production and yield of oilseeds show an increasing trend of +4.09, +12.33 and 
+8.12 per cent a year. 
Cash crops 
The area under cash crops (sugarcane and potatoes) has been accounted for 
790.96 thousand ha. with the quantum of production of 37985.77 thousand m. 
tonnes. The yield per hectare has been recorded of 480.24 qnts./ha. The overall 
growth in area, production and yield under cash crops accounted for +5.16, +14.84 
and +9.34 per cent per annum. Although both, the crops (sugarcane and potatoes) 
show an increasing trend with regard to area, production and yield, but potato is the 
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only crop which recorded the highest growth (+10.51 per cent) in production during 
1985-89. 
Table 2.3 
Crop-wise Area, Production, and Yield of Crops in the Ganga-Yamuna Doab -1985-89 
Crop 
Rice 
Wheat 
Maize 
Jowar 
Bajra 
Barley 
Total Cereals 
Gram 
Peas 
Arhar 
Total Pulses 
Oilseeds 
Sugarcane 
Potatoes 
Total cash 
crops 
Area 
685.64 
2466.48 
487.22 
129.53 
535.43 
257.73 
4562.03 
344.34 
108.93 
129.60 
582.87 
373.97 
646.25 
144.71 
790.96 
Production 
1134.73 
6163.73 
696.24 
116.77 
490.45 
482.44 
9083.36 
323.01 
149.88 
209.30 
682.19 
302.92 
3594.61 
2891.16 
37985.77 
Yield 
16.55 
24.99 
14.29 
9.00 
9.16 
18.68 
19.91 
9.38 
13.76 
16.15 
11.70 
8.10 
543.05 
199.79 
480.24 
Growth per cent per annum 
Area 
+5.66 
+0.69 
-8.48 
-0.87 
-0.16 
+5.29 
+2.13 
-7.25 
-5.20 
-0.53 
-12.98 
+4.09 
+0.69 
+4.47 
+5.16 
Production 
+4.24 
+2.14 
-5.98 
+8.42 
+8.04 
-0.99 
+15.87 
-6.50 
-2.19 
+0.05 
-8.64 
+12.33 
. +4.33 
+10.51 
+14.84 
Yield 
+1.21 
+1.41 
+2.64 
+9.22 
+7.08 
+4.28 
+25.84 
+2.80 
+3.11 
+.035 
+6.26 
+8.12 
+3.59 
+5.75 
+9.34 
Area (in 000 ha.), Production (in 000 m. toimes), Yield (in qnt. / ha.), 
Source: Data obtained from the Directorate of Agriculture, U.P., Lucknow, 
(b) Growth in area, production and yield of crops -1990-94 
Cereal crops 
Table 2.4 shows that cereals covered an area of 4976.60 thousand ha. The 
total production accounted for 10157.17 thousand m. tonnes with an average yield 
of 20.41 qnts./ha. Among the cereals wheat and rice occupied the highest area of 
2925.41 and 710.40 thousand ha. respectively. The area under cereals shows a 
decreasing trend of growth and accounted for -11.38 per cent, while the production 
and yield of cereals have the growth of +9.49 and +18.19 per cent a year. The area 
occupied by rice, bajra and barley show an increasing trend and the remaining crops 
have a declining growth. In case of production and yield, all crops show a positive 
growth excluding maize(-1.21 per cent in production and -1.03 per cent in yield). 
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Table 2.4 
Crop-wise Area, Production, and Yield of Crops in the Ganga-Yamuna Doab-1990-94 
Crop 
Rice 
Wheat 
Maize 
Jowar 
Bajra 
Barley 
Total Cereals 
Gram 
Pea 
Arhar 
Total Pulses 
Oilseeds 
Sugarcane 
Potatoes 
Total cash 
crops 
Area 
710.40 
2925.41 
482.37 
98.92 
504.73 
254.77 
4976.60 
245.68 
88.03 
163.77 
497.48 
510.47 
639.99 
165.08 
805.07 
Production 
1367.52 
6824.98 
776.61 
105.94 
601.63 
480.49 
10157.17 
283.51 
139.08 
206.67 
629.26 
380.30 
40623.36 
3328.73 
43952.09 
Yield 
19.25 
23.33 
16.10 
10.71 
11.92 
18.86 
20.41 
11.54 
15.80 
12.62 
12.65 
7.45 
634.7 
5 
201.6 
4 
545.9 
4 
Growth per cent per annum 
Area 
+0.12 
-9.07 
-0.16 
-4.26 
+1.60 
+0.39 
-11.38 
-4.98 
-8.67 
+0.60 
-13.05 
+0.28 
-0.89 
+3.05 
+2.16 
Production 
+2.12 
+3.59 
-1.21 
+2.14 
+1.62 
+1.23 
+9.49 
-1.76 
-5.18 
-2.55 
-9.49 
+0.21 
+0.14 
+3.59 
+3.73 
Yield 
+1.95 
+14.18 
-1.03 
+2.24 
+0.02 
+0.83 
+18.19 
+0.21 
+3.83 
-2.85 
+1.19 
-0.09 
+1.06 
+0.53 
+1.59 
Area (in 000 ha.), Production (in 000 m. tonnes), Yield (in qnt. / ha.), 
Source: Data obtained from the Directorate of Agriculture, U.P., Lucknow. 
Pulse crops 
The pulses covered an average area of 497.48 thousand ha. with a 
production of 629.26 thousand m. tonnes and accounted for an yield of 12.65 
qnts./ha. The pulses show the declining growth with respect to area (-13.05 per 
cent), and production (-9.49 per cent), while yield per hectare has a positive growth 
of+1.19 percent per annum. With regard to area, gram, peas and arhar show the 
growth of-4.98, -8.67 and +0.60 per cent. These pulse crops also have a negative 
growth in production and yield, excluding gram and peas (+0.21 and +3.83 per cent 
in yield). 
Oilseed crops 
During 1990-94, the area and production of oilseeds accounted for 510.47 
thousand ha. and 380.30 thousand m. tonnes, with an average yield of 7.45 qnts./ha. 
The oilseeds show a positive growth of about +0.28 per cent a year in area and 
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+0.21 per cent per annum in production. The trend in yield per hectare declined to 
-0.09 per cent a year. 
Cash crops 
It is evident from Table 2.4 that cash crops accounted for an area of 805.07 
thousand ha. The average production and yield per hectare of cash crops have been 
recorded about 43952.09 thousand m. tonnes and 545.94 qnts./ha. Cash crops show 
an upward trend with regard to area (+2.16 per cent), production (+3.73 per cent), 
and yield (+1.59 per cent). Sugarcane recorded a declining trend in area of-0.89 per 
cent a year while potato shows an upward trend with respect to area, production and 
yield. 
(c) Growth in area, production and yield of crops -1995-99 
Cereal crops 
During the corresponding year, cereals extended over an area of 4680.98 
thousand ha. The total output has been accounted for 11602.49 thousand m. tonnes, 
which is highest as compared to two previous periods (1985-89 and 1990-94). The 
average yield per hectare of cereals was 24.78 qnts./ha. Table 2.5 shows the trend of 
growth with respect to area, production and yield per hectare of cereals. There are 
only three cereal crops, namely, maize (-3.22 per cent in area; -5.42 per cent in 
production and -2.12 per cent in yield), jowar (-2.63 per cent in area, -3.24 per cent 
in production and -0.28 per cent in yield), and barley (-4.43 per cent in area) show a 
declining trend. In 1995-99, rice recorded the highest growth in area (+6.73 per 
cent), production (+10.05 per cent) and yield (+3.09 per cent). 
Pulse crops 
During 1995-99, the area, production and yield of pulses with their respective growth 
are shown in Table 2.5. Pulses covered an area of 412.24 thousand ha. and the 
production was accounted for 512.05 thousand m. tonnes with an average yield of 
12.40 qnts./ha. The pulses show a declining trend of growth in area and production of-
10.71 per cent and -1.73 per cent per annum, while yield shows an upward trend of 
+5.35 per cent a year. Among pulses, gram, peas and arhar registered a decreasing trend 
with respect to area and production. In case of yield per hectare gram and peas indicate 
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an upward trend of growth of +5.99 and +4.47 per cent, while yield of arhar declined to 
-5.11 per cent per year. 
Table 2.5 
Crop-wise Area, Production, and Yield of Crops in the Ganga-Yamuna Doab-1995-99 
Crop 
Rice 
Wheat 
Maize 
Jowar 
Bajra 
Barley 
Total Cereals 
Gram 
Pea 
Arhar 
Total Pulses 
Oilseeds 
Sugarcane 
Potatoes 
Total cash crops 
Area 
821.31 
2579.79 
453.59 
95.41 
550.05 
180.83 
4680.98 
208.57 
65.38 
138.99 
412.94 
452.35 
643.89 
198.48 
842.37 
Production 
1705.86 
7837.40 
790.15 
102.37 
776.12 
390.59 
11602.49 
227.54 
102.58 
182.93 
512.05 
474.51 
41230.46 
4663.88 
45894.34 
Yield 
20.77 
30.38 
17.42 
10.73 
14.11 
21.60 
24.78 
10.91 
15.69 
13.09 
12.40 
10.49 
641.33 
234.98 
544.82 
Growth per cent per annum 
Area 
+6.73 
+1.44 
-3.22 
-2.63 
+1.41 
-4.43 
+1.93 
-3.37 
-13.54 
-3.79 
-20.70 
-8.17 
-0.60 
+5.37 
+4.77 
Production 
+10.05 
+3.78 
-5.42 
-3.24 
+3.94 
+0.48 
+9.59 
-0.05 
-1.24 
-0.44 
-1.73 
-9.11 
-1.69 
+9.80 
+8.11 
Yield 
+3.09 
+2.33 
-2.12 
-0.28 
+2.49 
+0.51 
+6.58 
+5..99 
+4.47 
-5.11 
+5.35 
-1.17 
-1.10 
+4.18 
+3.08 
Area (in 000 ha.). Production (in 000 m. tonnes), Yield (in qnt. / ha.), 
Source; Data obtained from the Directorate of Agriculture, U.P., Lucknow. 
Oilseed crops 
In 1995-99, oilseed crops cultivated over an area of 452.35 thousand ha., 
which recorded a gross production of 474.51 thousand m. tonnes with an average 
yield of 10.49 qnts./ha. It will be seen from Table 2.5 that oilseeds show a 
decreasing trend of growth in respect of area, production and yield at the rate of 
-8.17, -9.11 and-1.17 per cent respectively. 
Cash crops 
During 1995-99, cash crops occupied an area of 482.37 thousand ha. The 
crop production in 1995-99 gone up to 45894.34 thousand m. tonnes with an 
average yield of 544.82 qnts./ha. The cash crops show an upward trend of growth in 
area (+4.77 per cent), production (+8.11 per cent) and yield (+3.08 per cent). 
Among the cash crops, sugarcane shows a declining trend of-0.60 per cent in area, 
-1.69 per cent in production and -1.10 per cent per annum in yield per hectare, 
while in case of potatoes the trend was +4.77, +8.11 and +3.08 per cent a year in 
area, production and yield. 
46 
C. Cropping Intensity 
Cropping intensity refers to the number of crops grown in a given area at a 
point of time. It is the extent to which the net sown area is reported or resown. 
Cropping intensity is the magnitude of gross cropped area to its net sown area gives 
an ideal index to ascertain the intensity of cropping and it is a measure of 
agricultural efficiency (Singh, 1997). Therefore, cropping intensity implies the 
number of crops grown on an arable area during the agricultural year. For example, 
if one crop is grown on a field either as kharifox as a rabi crop in a year, the index 
of cropping is 100 per cent and it can be framed as single cropping. If two crops in a 
year are produced as kharif and rabi crops, the intensity index will be 200 per cent 
and such case can be designated as double cropping. If 3 crops in a year are 
produced as kharif, rabi and zaid, the intensity of cropping will be 300 per cent and 
it will be a case of multiple cropping. Therefore, if there is higher index of cropping 
intensity it will lead to a higher land use efficiency, and vice-versa. 
The study of cropping intensity helps us to understand the reflection of the 
state of functional reality of crop production and getting a clear picture of the 
complex agricultural landscape. It also encourages in making a scientific analysis of 
the agricultural patterns. 
For computing cropping intensity, a number of statistical techniques have 
been evolved and used by a number of geographers. The Directorate of Agriculture, 
Government of India (1976) has initiated a method for computing the cropping 
intensity, which would be read in an equation form as follows: 
Cropping intensity = [ (Saij/Saio; / (Nf/No)] x 100 
Where, 
aij = area under the ith crop in the jth year, 
aio = area under the ith crop in the base year, 
Nj = net area sown in the jth year,and 
No = net area sown in the base year. 
While discussing the regional character of crop distribution in India, Bhatia (1965) 
applied the "Location quotient" method. Husain (1975) also adopted this approach 
47 
to analyse the patterns of crop concentration in the state of Uttar Pradesh. The 
method will take the following form: 
Area of crop 'a' in the Area of crop 'a' in the 
componental areal unit entire country 
Index for determining = 
Concentration of crop 'a' Area of all crops in the Area of the crops in 
component areal unit the entire country 
Singh (1976) computed the 'Crop Association Index' for the state of 
Haryana. His formula would be read thus: 
"ae 
Ci= xlOO 
Par 
Where, 
Ci = crop concentration index, 
Pae ^ the percentage of the crop 'a' to the total harvested area in 
an enumeration unit, and 
Par = the percentage of the crop 'a' to the total harvested area in 
the entire region, state or country. 
Mohammad and Sharma (1999) have applied a new technique to measuring 
the cropping intensity in Iran by using the following formula: 
GcA - NcA 
Ci = [1+ ] X 100 
NcA 
Where, 
Ci = cropping intensity index, 
GcA = gross cropped area, and 
NcA = net cropped area. 
Table 2.6 shows the relative cropping intensity indices computed for all the 
districts of the Ganga-Yamuna Doab and indicate that highest value of cropping 
intesity accounted for the district of Bulandshahr (177.70 per cent), which followed 
by the district of Ghaziabad (166.25 per cent) and Aligarh (164.62 per cent) in 
1985-89. Whereas, the district of Fatehpur shows the lowest value of cropping 
intensity (131.37 per cent). The cropping intensity indices computed for all the 
districts of Doab were grouped into high, medium and low categories. Table 2.7 
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shows that 7 out of 17 districts, fall in the high, 4 districts under medium and rest of 
the districts under low category during 1985-89 
During 1990-94, a change in districts with respect to cropping intensity is 
seen, although the district of Bulandshahr is listed at the top with the index value of 
170.89 per cent and followed by the district of Etah and Ghaziabad having the indices 
of 164.53 and 163.13 per cent respectively (Table 2.6). The lowest value of cropping 
intensity is shovm by the district of Agra (131.38 per cent). It will be seen from the 
Table 2.8 that only 7 districts accounted for the category of high cropping intensity. 
Table 2.6 
Cropping Intensity Index in the Districts of Ganga-Yamuna Doab 
DistrictA'ear 
Saharanpur 
Muzaffamagar 
Meerut 
Baghpat 
Ghaziabad 
Gautambudha Nagar 
Bulandshahr 
Aligarh 
Hathras 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Kannauj 
Etawah 
Auraiya 
Kanpur Nagar(urban) 
Kanpur Dehat(rural) 
Fatehpur 
Kaushambi 
Allahabad 
1985-89 
161.12 
158.77 
163.70 
-
166.75 
-
177.70 
164.62 
-
132.75 
132.66 
146.01 
152.50 
160.68 
147.70 
-
146.68 
-
141.31 
133.37 
131.37 
-
138.71 
1990-94 
161.93 
156.13 
161.07 
-
163.12 
-
170.89 
161.67 
-
140.93 
131.38 
145.99 
162.66 
164.53 
154.58 
-
151.97 
-
143.65 
137.99 
132.69 
-' 
137.87 
1995-99 
158.74 
151.52 
131.94 
157.29 
159.55 
117.52 
170.50 
165.04 
155.37 
144.76 
140.16 
151.87 
163.97 
165.57 
154.38 
164.08 
139.95 
158.53 
152.45 
139.49 
142.77 
134.50 
130.76 
Source: Data obtained from the Directorate of Agriculture,U.P., Lucknow. 
During 1995-99, there was further shift in crop concentration in the region 
excluding Bulandshahr and Etah districts, which have the highest value indices, i.e., 
170.5 and 165.57 per cent respectively. The district of Aligarh (165.04 per cent) and 
Kannauj (164.08 per cent) got the third and fourth positions. The Allahabad district 
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shows the lowest value of cropping intensity. Table 2.9 shows that 9 out of 23 
districts are in high category, while medium category comprises 6 districts and the 
remaining in low class. 
Table 2.7 
Category of Districts lying in different Cropping Intensity Regions-1985-89 
Class 
H 
M 
L 
Index 
>157.26 
143.50-157.26 
<143.50 
No. of 
Districts 
7 
4 
6 
Name of the District 
Saharanpur, Muzaffamagar, Meerut, 
Ghaziabad, Bulandshahr, Aligarh and Etah. 
Firozabad, Mainpuri, Farrukhabad and 
Etawah. 
Mathura, Agra, Kanpur Nagar(urban), 
Kanpur Dehat(rural), Fatehpur and 
Allahabad. 
Table 2.8 
Category of Districts lying in different Cropping Intensity Regions-1990-94 
Class 
H 
M 
L 
Index 
>156.64 
143.43-156.64 
<143.43 
No. of 
Districts 
7 
4 
6 
Name of the District 
Saharanpur, Meerut, Ghaziabad, 
Bulandshahr, Aligarh, Etah and Mainpuri. 
Firozabad, Mainpuri, Farrukhabad and 
Etawah. 
Mathura, Agra, Kanpur Nagar(urban), 
Kanpur Dehat(rural), Fatehpur and 
Allahabad. 
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Table 2.9 
Category of Districts lying in different Cropping Intensity Regions-1995-99 
Class 
H 
M 
L 
Index 
>157.74 
145.69-157.74 
<145.69. 
No. of 
Districts 
9 
6 
'8 
Name of the District 
Saharanpur, Baghpat, Ghaziabad, 
Bulandshahr, Aligarh, Etah, Mainpuri, 
Kannauj and Auraiya. 
Muzaffarnagar, Mathura, Hathras, 
Firozabad, Farrukhabad and Kanpur Nagar 
(urban). 
Meerut, Gautambudha Nagar, Agra, 
Etawah, Kanpur Dehat(rural), Fatehpur, 
Kaushambi and Allahabad. 
In a comparative analysis of Figs. 2.5, 2.6 and 2.7, it may be concluded 
that the highest concentration of cropping intensity among the districts is recorded 
which belong to upper Doab and in some districts of central Doab, while the 
districts of lower Doab have low cropping intensity. The variation in the cropping 
intensity is due to soil fertility, well organized irrigation system in the form of tube-
wells network, and use of chemical fertilizers and the use of modern implements 
and machines. 
D. Crop-Combinations 
The geographical analysis of agriculture which purports to select various 
crops or agricultural components to be studied collectively in an area may be termed 
as combination analysis or combinational analysis. The crop-combination is an 
integrative reality that demands definition and analysis of distribution (Mohammad, 
1978). It is not a self determined or naturally evolved theme. It is rather an 
intellectual concept and entity resting on relevant features of aerial interest or 
problem (James, and James, 1954). Its delimitation is not only objective of 
geographers but also a means to evolve complex structure of valid agricultural 
region (Weaver, 1954). 
The study of crop-combination regions reflects the variable position of the 
individual crop within themselves. It can also be helpful in some aspects of 
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economic and social geography. Such studies are fruitful in many ways; firstly, for 
an adequate understanding of individual crop geography, secondly crop-
combination regions are essential for the construction of still more complex and 
valid agricultural region. 
In order to demarcate the area into crop-combinations, the data were 
obtained from the published records of the Directorate of Agriculture, U.P., 
Lucknow, from the year 1985-86 to 1999-2000 for three distinct periods, i.e., 1985-
89, 1990-94 and 1995-99. 
Method of Determining Crop-Combinations 
A number of statistical procedures have so far been applied to demarcate 
the crop-combination regions. Doi (1957) has initiated a method for crop-
combination. Doi's method has been adopted which shows an importance over that 
of Weaver (1954). A modified form of Weaver's method has been put forward by 
Doi, which was considered to be the easiest one. The new method substitutes Id /n 
of Weavers's with the sum of squared differences Sd^. The combination having the 
smallest Ed ^will be the combination of primary crops. In this technique it is not 
required to calculate Ed for each combination but the crop-combination is actually 
established by consulting one sheet table which presents critical values for various 
elements or crops. 
The merit of Doi's method is that the results are more realistic in 
comparison to those worked out by other methods. They are equally suitable in 
regions of high specialization as well as in regions of no marked variations in the 
values of the different elements. The results are not mere generalizations and in no 
case adjustment are required. 
In brief, instead of squaring the differences, it is required to sum up the 
percentage and then consult the table for the critical value of the next elements at 
that accumulated percentage level. If the critical value is higher than the actual 
percentage, the crop is not considered, but it otherwise the value is lower than the 
crop percentage, the crop is included in the combination. 
To illustrate the statistical procedure involved in determining crop-
combination, the case of the district of Aligarh may be cited. Individual crop 
percentage in Aligarh during 1995-99 are as given below. W %44J8, B - 17.12, M ' // 
-9.49, 0 -8 .63 , By-6.02, R-4.60, A-4.18 and S-2.15. v - w . ^ - ^ ^^ 
(Abbreviation used: W - wheat, R - rice, B - bajra, M - maize, O - oilseed, A -
arhar, S - sugarcane and By - barley). 
The critical values for only those sums of percentages which are required 
in the present case. In the first instance all those crops are included in the 
combination whose accumulated percentage is less than 50, as the critical value for 
Table 2.10 
Doi's Critical Values 
Rank of 
elements 
2 
3 
4 
5 
6 
^ 
Source: Doi, 
Sum of percentage of higher ranking elements 
50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
<:.(1957,1959). 
62 
13.94 
6.67 
4.38 
3.27 
2.60 
2.16 
72 
32.68 
13.90 
8.93 
6.58 
5.22 
4.32 
80 
-
22.79 
13.82 
10.00 
7.85 
6.46 
86 
-
-
20.00 
13.68 
10.52 
8.57 
all the elements at 50 is 0. In Aligarh, first crop occupies 44.81 per cent so that the 
next crop is automatically included. It makes the sum of the two crop (44.81 + 
17.12) 61.93 (or 62). Now under the heading 62, the critical value for the third 
element is 66.67. Since the third crop occupies 9.49 per cent is larger than 6.67, it is 
included in the combination. The accumulated percentage of the three elements 
(44.81 + 17.12 + 9.49) comes to 71.42 (or 72), where the critical value for fourth 
element is 8.93. The critical value at this percentage for fourth element is 8.93. 
Because the percentage occupied by fourth crop (8.63) is lesser than 8.93, it is 
excluded from the combination (Siddiqui, M.F., 1967). Thus 3 crop-combination 
(WBM) is allotted to Aligarh district during the period of 1995-99. 
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Crop-Combination Regions in the Ganga-Yamuna Doab 
Based on Doi's method 6 primary crop-association regions emerged with 
the use of data related to 12 major crops (rice, wheat, maize, jowar, bajra, barley, 
gram, pea, arhar, oilseeds, sugarcane and potatoes). 
Table 2.11 
Crop-combinations Computed on the basis of Doi's Method in the Districts of 
Gagna-Yamuna Doab 
DistrictA'ear 1985-89 
Saharanpur 
Muzaffamagar 
Meerut 
Baghpat 
Ghaziabad 
Gautambudha Nagar 
Bulandshahr 
Aligarh 
Hathras 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Kannauj 
Etawah 
Auraiya 
Kanpur Nagar(urban) 
Kanpur Dehat(rural) 
Fatehpur 
Kaushambi 
Allahabad 
WSR 
SW 
WS 
-
WSM 
-
WM 
WBM 
-
WOB 
WBO 
WBO 
WRMB 
WRMB 
WMPoR 
-
WRBGO 
-
WRJ 
WRGBOJ 
WRG 
-
WRG 
1990-94 
WSR 
SW 
SW 
-
WSM 
-
WM 
WBO 
-
WOB 
WBO 
WBO 
WRM 
WBM 
WMPoRO 
-
WRBO 
-
WR 
WRGOM 
WRG 
-
WR 
1995-99 
WSR 
SW 
SW 
SW 
WSM 
WR 
WM 
WBM 
WBM 
WOB 
WOB 
WBO 
WRM 
WBM 
WMPoRO 
WMPo 
WRB 
WRB 
WROGMJ 
WROG 
WR 
WRB 
WR 
Abbreviations: W-wheat, R-rice, J-jowar, M-maize, B- bajra, G-gram, 
0-oilseeds, S-sugarcane, Po-potatoes. 
Source: Data obtained from the Directorate of Agriculture, U.P., Lucknow 
(i) Two crop-combinations 
It is clear from the crop-combination analysis that wheat is a prominent crop 
in all the periods of study to make a combination with other crops. During 1985-89, 
two crop-combinations exist in three districts, namely, Muzaffamagar (sugarcane-
wheat), Meerut (wheat-sugarcane) and Bulandshahr (wheat-maize). The same crop-
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combination has been derived for the districts of Muzaffamagar, Meerut, Bulandshahr, 
Kanpur Nagar (urban), and Allahabad in 1990-94. During 1995-99, there were seven 
districts, namely, Muzaffamagar, Meerut and Baghpat which have a combination of 
sugarcane and wheat. The districts of Bulandshahr and Gautambuddha Nagar have a 
combination of wheat with rice and maize. While Fatehpur and Allahabad districts 
were having a combination of wheat with rice. 
(ii) Three crop-combinations 
Three crop-combinations are seen in the districts of upper, central and 
lower Doab. The constituent crops of three crop-combinations are wheat, rice, 
maize, jowar, bajra, gram, oilseeds, sugarcane and potato. 
During 1985-89, three crop-associations exist in 9 districts, namely, 
Saharanpur, Ghaziabad, Aligarh. Mathura, Agra, Firozabad, Kanpur Nagar (urban), 
Fatehpur and Allahabad. In period 1990-94, this category again claimed the equal 
number of districts as above, excluding Kanpur Dehat (rural). This district was 
replaced by the district of Mainpuri. During 1995-99, three crop-combinations 
confined in 12 districts, namely, Saharanpur, Ghaziabad and Aligarh in upper Doab, 
Mathura, Hathras, Agra, Firozabad, Mainpuri, Etah, Etawah, Kannauj and Auraiya 
in central Doab and Kaushambi in lower Doab. 
(iii) Four crop-combinations 
There were 3 districts of Mainpuri, Etah and Farrukhabad to show four 
crop-combinations during 1985-89. In 1990-94, only one district of Etawah has four 
crop-combinations, while the same combination confined in the district of Kanpur 
Dehat (rural) in 1995-99. 
(iv) Five crop-combinations 
During 1985-89, the district of Etawah recorded five crop-combination 
based on wheat-rice-bajra-gram-oilseeds. In 1990-94, five crop-combinations 
sprawled over 2 districts of Farrukhabad and Kanpur Dehat (rural). The district of 
Farrukhabad manifests the common crop-association during 1995-99. 
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(v) Six crop-combinations 
Six crop-combinations confined only in two districts during two distinct 
periods i.e., 1985-89 and 1995-99 respectively. The district of Kanpur Dehat (rural) 
was designated as the six crop-combination during 1985-89, while Kanpur Nagar 
(urban), the second, accounted for 6 crop-combination during 1995-99. 
From the above discussion of the crop-association pattern, it is evident that 
less diverse combination is found in upper Doab, where the soil is comparatively 
fertile and productive and high mechanization of farms. Whereas the central as well 
as the lower Doab have a much diverse crop-association. It may be marked that the 
soil is poor and very infertile to raise cash crops. The other important feature of the 
region is that, wheat is one of the leading crop in all the crop-associations. A most 
remarkable feature of Doab is that sugarcane, maize with wheat are the dominant 
crops grown in upper Doab, while rice, bajra, barley, and oilseeds with wheat cover 
a large area in Central and lower Doab. The main factors resulting this extension are 
the quality of soil, variability of rainfall, the annual temperature, spread of irrigation 
facilities, use of agricultural machine and tools and agro-based industries. 
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CHAPTER 3 
AGRICULTURAL TYPOLOGY IN THE GANGA-YAMUNA DOAB 
A. The Concept of Agricultural Typology 
The concept of agricultural typology was initiated in I.G.U. Commission's 
report on the world types of agriculture in which it mentioned that farming as a 
whole cannot be considered as a sum of its components. It is a highly inter-related 
phenomena and process of social, organizational and production variations, that is 
grouped into types according to their similarities or homogenous taxonomic 
characteristics (Sharma, 1983). 
A preliminary scheme of agricultural typology for better knowledge of the 
inherent agricultural characteristics and the tendencies in the changing spatial 
organization of agriculture was first drawn in Poland. In 1964, a Polish geographer 
Prof. Kostrowicki felt on the lines of Whittlesey (1936) and formulated his five 
principles, with the consideration that so many changes in type and management of 
agriculture had taken place since Whittlesey's time. The International Geographical 
Union at its Geographical Congress at London in 1964 accepted Kostrowicki's 
proposal to establish an International Commission on Agricultural Typology. Prof. 
Kostrowicki was the first chairman of the commission. The major emphasis of 
commission was to identify precisely the principles and methods on the basis of 
which agricultural regions at various levels in the world could be delineated. The 
Agricultural Typology Commission had three basic objectives (Shafi, 2006): 
1. Identifying principles and methods for the identification of agricultural 
typology. 
2. Delineating the agricultural typological regions on the basis of principles 
identified by the Commission and adopting method on which geographers in 
various countries could delineate typology regions and there may be a 
cohesion and unity in the work. 
3. To prepare world agricultural typology regions. 
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The chairman of the commission prepared a detailed questionnaire in this 
connection and sent it to geographers in different countries who were interested to 
take up study in agricultural geography. Since its inception, in next two years, the 
task of agricultural typology gone through in the deliberations of several meetings 
of commission. It was based on a broad discussion of the principles, criteria, 
techniques and methods of agricultural typology laid down by the Commission on 
Agricultural Typology to the l.G.U. Regional Conference held in Hungary in 1971 
(Kostrowicki, 1971) and then to the XXIII International Geographical Congress 
held in Canada (Kostrowicki, 1972). Besides this, for understanding the type of 
agriculture, following factors can be taken into account (Singh, and Dillion, 1994): 
(i) Agriculture as a whole is not a simple sum component, but is a highly complex 
system of inter-related and inter-dependent phenomena which have developed 
in definite natural conditions and result from certain socio-economic 
processes. 
(ii) The concept of agricultural typology is of a systematic character. The type is 
defined as the result of the mutual relations of all the distinctive features of 
agriculture, such as social, operational, production and structural. External (or 
exogenous) conditions (both natural and other), in which an agricultural 
landscape develops are taken into account so as to explain why a particular 
type has emerged in a particular area and at a particular time. 
(iii) The idea of type of agriculture may be hierarchic in character because 
agricultural types may be of various orders. Such orders of typology can be 
distinguished as they range form the individual agriculture farm (operational 
holding), through administrative units like villages, etc. to global agricultural 
types. 
(iv) The concept of type of agriculture is also dynamic in character. With the 
changing influence of external conditions, the specific features are bound to 
change. Eventually, old types of agriculture are likely to disappear and 
simultaneously new ones develop and expand over both old and new 
territories. 
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(v) Finally, in order to make typological studies effective and comparable an 
adequate and consistent choice of variables representing the features of 
agriculture is to be made. Care is to be taken to ensure that the variables 
adopted for diagnostic purposes cover all aspects of agriculture as precisely 
and completely as possible. 
Therefore, the general concept of agricultural typology is to give adequate 
and systematic explanation of various attributes, a composite form and to identify or 
classify the real type of agriculture in its total socio-environmental setup of a 
region. The logic of any classification demands that the identification of agricultural 
types ought to be based on internal (endogenous) variables of agriculture, although 
external (exogenous) variables may be important to explain why in a particular 
place and time the individual types of agriculture have developed. It should not be 
used as a basis for agricultural typology. It is not only a new type of approach but 
also a more exact and systematic one or a quantified version of the agricultural 
characteristics as a whole, which gives a better understanding of the meaning and 
types of agricultural system and processes invariably involved in any set of 
agriculture (Sharma, 1983). 
Kostrowicki is of the opinion that typology of agriculture should be 
defined on the basis of internal characteristics. External characteristics, however 
important they may be, are not so important in the typology of agriculture. The 
internal characteristics of agricultural typology can be divided into three broad 
heads (Shafi, 2006): (a) social, (b) organization and technical, and (c) economic. 
These would help in the understanding of: (i) who produces the agricultural 
product?, (ii) How is the production obtained? (iii) How much production is 
obtained and for what purposes? 
Social characteristics of agriculture refer to persons involved in producing 
the agricultural commodities. On the side of ownership, he is the owner of the land 
or he is a cultivator or pay rent? What is the nature of the ownership of land? From 
where are capital and labour is derived and at what scale the cultivation is carried 
on? 
Organisational and technical characteristics refer to the methods of 
production. What are the methods that the cultivator adopts to obtain the produce 
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from the field and what measures he adopts to make the land fertile? Where do the 
fields of a particular farmer lie? Are they at one place or are the plots far-flung? 
What is the pattern of landholding? Is there sub-division and fragmentation? Again, 
how is the farmer utilizing the natural resources - land, water, soil, climate in the 
cultivation of crops? The way of utilizing pastures and the rearing of animals. The 
intensity of the degree of organization is indicated by the above mentioned 
indicators. 
The characteristics of production refer to those qualities that show what is 
produced, how much is produced, and for what purpose it is produced. In other 
words, what is the result of the use of land, labour and capital in respect to 
production, and what is the value of production from the commercial point of view? 
Economic characteristics of farming refer to the investment of capital for 
production. They compromise the extent to which human labour is used, use of 
animals, and upto what extent the use of machine is taking place. Thus, the degree 
of application of labour and capital (inputs) can be considered the indicators of 
intensity of cultivation. 
In order to examine agricultural typology, an assessment of the above 
mentioned factors is necessary because they indicate in detail the characteristics of 
agriculture. After examining the salient characteristics of agriculture, they should be 
integrated in such a way that they indicate the type of agriculture correctly. With 
these considerations Kostrowicki divided the characteristics of agriculture in three 
distinct parts (Shafi, 2006): 
1. Characteristics related to the social structure and ownership status. 
2. Organization and technical characteristics. 
3. Characteristics related to production. 
B. Variables Used in Ascertaining Agricultural Typology 
It was considered to study the agricultural typology on four principal 
groups of agricultural attributes:, social, operational, production and structural. It 
was decided to select 27 variables characterizing each of the above 4 groups. Seven 
in first three groups,and six in the last group. Group-wise variables can be arranged 
as under (Kostrowicki, 1992): 
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a. Social variables 
1. Agricultural land (in per cent) which is owned, controlled, or held in common 
by a group of people under traditional customary rights of tenure. 
2. Agricultural land (in per cent) operated under a labour share tenancy, or any 
other form of landed bondage. 
3. Agricultural land (in per cent) owned or held by owner, like in possession as 
an individual, joint or corporated private property. 
4. Agricultural land (in per cent) operated by a consciously planned collective or 
state enterprises. 
5. The size of holding in terms of a number of actively employed persons per 
agricultural holding. 
6. The size of holdings in terms of a total amount of agricultural land (under 
temporary and perennial crops, cultivated and rough grassland, fallow land) in 
hectares per holding. 
7. The size of holdings in terms of gross agricultural output in conventional units 
per holding. 
b. Operational variables 
8. Input of labour in terms of number of persons actively employed in agriculture 
per 100 hectares of agricultural land. 
9. Input of animal power in terms of the number of conventional/horse/ draught 
units. 
10. Input of mechanical power in terms of the number of H.P. of tractors and other 
self-propelling machinery (combines etc.) per 100 hectares of cultivated land 
(cropland, gardens, cultivated meadows and pastures). 
11. Fertilizing the cultivated land in terms of chemical fertilizers used 
kilograms/hectare. 
12. Intensity of irrigation measured by the percentage rate of irrigated land (by all 
systems and entrapment) to total cultivated land. 
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13. Intensity of cropland used in terms of the percentage rate of harvested to the 
total land under temporary crops (including fallow lands). 
14. Livestock population in the number of conventional (large) animal units per 
100 hectares of agricultural land. 
c. Production variables 
15. Land productivity in terms of gross agricultural output in conventional units 
per hectare of agricultural land. 
16. Productivity of cultivated land in terms of gross agricultural output from 
cultivated land per hectare of actually cultivated land. 
17. Labour productivity in terms of gross agricultural output in conventional units 
per person actively employed in agriculture. 
18. Commercial labour productivity in terms of commercial (sold or delivered off 
farm) production in conventional unit per person actively employed in 
agriculture. 
19. The degree of commercialization as the percentage rate of commercial to gross 
agricultural output. 
20. Commercial production of land as the amount of commercial production in 
conventional unit per hectare of agricultural land. 
21. The degree of specialization expressed as a coefficient of the degree to which 
the commercial part of agricultural production of an agricultural holding is 
concentrated on the least number of items. 
d. Structural variables 
22. Land under perennial (trees, shrubs, vines) and semi-perennial crops (covering 
land without rotation for several years) as the percentage of the total 
agricultural land. ' 
23. Permanent grasslands (including leys within field-grass systems and current 
fallows if used for grazing) as the percentage of the total agricultural land. 
24. Land under primary food crops (edible grain, tuber, root and vegetables, fruits) 
as the percentage of the total agricultural land. 
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25. General gross production emphasis (orientation) as the percentage rate of 
animal products in the total agricultural output (in conventional units). 
26. General commercial emphasis (orientation) as the percentage rate of 
commercialized animal products to the total commercial production of 
agriculture (in conventional units). 
27. Production of industrial crops (to be used only for the industrial processing) as 
the percentage of gross agricultural output (in conventional units). 
To make the variables comparable, they have been normalized by reducing 
the value of each of them to 5 classes, representing the world ranges of the given 
phenomena. All of 27 figures, representing those classes were arranged in codes, 
then it was decided arbitrarily, that codes which did not differ from each other by 
more than one-tenth of the total variance possible, i.e. by more than 10 variables 
(27x4, the maximum distance between class 1 and 5 = 108) could still be treated as 
representing the same type, i.e., that the type ought to differ from one another by at 
least 11 variables. 
The Commission conducted about 1000 case studies all over the world 
based on this assumption, whether agricultural holdings or such aggregates are 
administrative or other units were established and grouped into 61 model types for 
which codes were also elaborated. The adoption of broad classes instead of accurate 
indices (Sharma, 1983). Kostrowicki expressed the fractional code with the help of 
the following formula: 
0 
T= S C 
P 
Where, 
T = type of agriculture, 
S = social and ownership variables, 
O = Operational variables, 
P = Production variables, and 
C = Structural variables. 
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a. Social Variables 
1. Variable 5 
This variable includes the size of land holding in terms of number of 
actively employed persons per agricultural holding. The involvement of active 
persons with their number in farm operation is a vital aspect of determining the 
institutional framework of any agrarian society. The size of land holding in terms of 
actively employed people in agricultural operation determines in economic structure 
of a region to agricultural products. 
Tables 3.1, 3.2 and 3.3 indicate that during the periods of 1985-89, 1990-
94 and 1995-99 per agricultural holding comparatively more persons were engaged 
in agriculture in the districts of upper Ganga-Yamuna Doab as compared to the 
districts of central and lower Doab. It varies to the tune of 1 to 2 persons per 
agricultural holding. It will be seen from Fig. 3.1 that only two classes i.e. very low 
(<2 persons per holding) and low (2-8 persons per holding) have emerged in the 
region in three distinct periods. During 1985-89, 7 districts have been accounted for 
in low class and the rest fall in very low. The low class comprises of 7 districts in 
1995-99 as compared to 3 districts in 1990-94. 
2. Variable 6 
This variable deals with the size of land holding in terms of total amount of 
agricultural land per holding. The concentration of agricultural land includes all 
types of land under cultivation in terms of number of holdings is evidently the most 
determinant factor involving agricultural system and types. During 1990-91, the 
total numbers of holdings in the Doab were 4.9 millions and covered an area of 5.1 
million hectares of cultivated land with an average holding of about 1.04 hectare. 
The marginal and small categories comprise the number of holder of about 4.1 
millions, which together occupy an area of 2.5 million hectares. 
Table 3.1 shows that during 1985-99, the district of Mathura has the largest 
holding of about 2.1 per agricultural land. The district of Kanpur Nagar (urban) 
shows the largest holding of 7.1 and 6.9 per agricultural land in 1990-94 and 
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GANGA-YAMUNA DOAB 
Vaiiable-S, Size of Laiid Holding iii Temis 
of Actively Employed People 
(1985-89) (1990-94) (1995-99) 
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LOW 
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>200 
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Fig. 3.1 
73 
GANGA-YAMUNA DOAB 
Vaiiable-6, Size of Land Holding in Tenns 
of Agiiciiltnial Land 
(1990-94) (1995-99) 
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Fig. 3.2 
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1995-99 respectively (Tables 3.2 and 3.3). At the last it is concluded that there is a 
small size of land holding in the region (Fig. 3.2) 
3. Variable 7 
This variable deals with the size of land holding in terms of gross 
agricultural output per holding. The gross agricultural output includes production 
from all crops, animals and poultry in the district. This variable is an indicative of a 
correlationship viz. high gross output, when related with bigger size of holdings 
reflects market orientation, when related to smaller size of holding show 
intensification, whereas, lower gross output when related to small size of holding 
leads to subsistence type of agriculture. 
It is seen from the Tables (3.1, 3.2 8c 3.3) that during three different 
periods of 1985-89, 1990-94 and 1995-99, the district of Muzaffam&gar shows the 
highest gross agricultural output per hectare. -^ v^ ^^ ' " ^ t* ^ 
I b. Operational Variable < ^ \ IN ^ IV"\ -i 
4. Variable 8 \ >A, -^  / 
This variable relates to the input of labour in temfe^^^^^^^^^&feople 
actively employed in agriculture per 100 ha. of agricultural land. It directly reflects 
the input of labour force in agriculture. Labour requirement for different crops and 
different classes of livestock vary from place to place, field to field and from district 
to district. The requirement of labour also depends upon the size of farms, type of 
crop to be cultivated and social system. 
It is evident from the Table 3.1 that during 1985-89 the high concentration 
of labour input is found in the district of Allahabad (162 persons per ha.) and 
followed by the districts of Saharanpur and Muzaffamagar. Similarly, Tables 3.2 
and 3.3 show that high labour input (during 1990-94 and 1995-99) is confined in the 
districts of Saharnapur (198 person per ha.) and Kaushambi (251 persons per ha.). 
Low input of labour is found in the districts of Mathura (in 1990-94) and Kanpur 
Nagar (urban) (in 1995-99). Fig. 3.4 shows that input of labour spreads over in 4 
districts during 1985-89. But with due course of time, more population directly or 
indirectly depends upon agriculture which is highly concentrated in 5 and 11 
districts during 1990-94 and 1995-99 respectively. 
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5. Variable 9 
This variable includes the input of animal power in terms of number of 
conventional draught units (H.P.) per 100 hectares of cultivated land. The 
importance of draught animals can be assessed as they share with the human labour 
in the field. 
Tables (3.1, 3.2 & 3.3) show the district-wise availability of animal power 
in conventional draught unit (H.P.) during three different periods. In 1985-89, the 
input of animal power varies from 74 to 182 draught units per hundred hectares. 
During 1995-99, it was accounted for 103 to 228 units, while it vary from 41 to 259 
units in 1990-94, It is clear from the Fig. 3.5 that the entire region has very high 
concentration of power unit during the periods of 1985-89 to 1995-99. 
6. Variable 10 
This variable consists of the inputs of mechanical power in terms of 
number of tractors, including harvesters and other self-propelling machinery (H.P.) 
per hundred hectares of cultivated land. The input of mechanical power units in 
field operation is essential if agricultural production (per unit area and per capital) 
has to be increased. The primary effect of improved mechanical techniques is to 
save labour, contribute to farm operation efficiency, intensify the cultivation and 
enhance yield per hectare. 
It is evident from Tables (3.1, 3.2 and 3.3) that the districts of upper Doab 
' show a high mechanization of farms with respect to levels of mechanization, the 
region possesses very low and low levels. During 1985-89, the districts of 
Saharanpur, Aligarh and Farrukhabad fall in low category and rest is very low. 
Similarly, these two groups (very low and low) comprise 8 and 9 districts in 1990-
94. These nine districts belonging to low category form three pockets in upper and 
central Doab. In 1995-99, the region has been divided into three categories (very 
low, low and medium) and each included 13, 7 and 3 districts. The districts of 
Saharanpur, Muzaffarnagar and Kanpur Dehat (rural) were in medium category. 
7. Variable 11 
This variable relates with the use of chemical fertilizers (NPK) per hectare 
of cultivated land. Effective management of agricultural practices and the use of 
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chemical fertilizers is yet another technicality to improve the agricultural efficiency 
and in combination with other improved practices is most effective means of 
increasing production per unit area. 
The consumption of fertilizers of kilograms per hectare is not uniform in 
Doab. Fig. 3.7 shows that the high consumption of fertilizers is seen in the districts 
of upper Doab as compared to other districts of Doab. In general, it varies from 
60.38 kg./ha. in Agra to 199.9 kg. per ha. in Ghaziabad districts during 1985-89. In 
1995-99, the consumption of fertilizer ranged between 103.8 kg./ha. in Kanpur 
Nagar (urban) and 339.2 kg. per ha. in Muzaffarnagar districts. 
Fig. 3.7(a) indicates that during 1985-89, Doab can be divided into three 
groups i.e., medium, high and very high and include 2, 8 and 7 districts 
respectively. In 1995-99, high and very high groups include 2 and 21 districts as 
compared to 10 and 7 districts during 1990-94 respectively (Fig. 3.7 b & c). 
8. Variable 12 
This variable shows the extent of irrigated land to the total cultivated land. 
The Ganga-Yamuna Doab is one of the intensively irrigated region of the state of 
Uttar Pradesh and therefore, irrigation has played an important role in increasing the 
quantum of crop production and productivity per hectare. About 80 per cent of the 
total cropped area is under irrigation and a major portion of land receives water 
from underground sources and only a small cropped area receives irrigation from 
surface supplies, mainly from canals. 
The intensity of irrigated land to total cultivated land has ranged between 
42.1 per cent and 89.2 per cent in the districts of Fatehpur and Muzaffarnagar in 
1985-89. All the districts of Doab were divided into medium, high and very high 
categories and comprise 4, 8, and 7 districts. Similarly, in 1990-94, it varies from 
49.8 per cent to 94.9 per cent in Fatehpur and Meerut districts. During 1995-99, the 
high percentage of irrigated land has been in Hathras district, which is about 93.5 
per cent. 
9. Variable 13 
This variable explains the intensity of crop land use in terms of the ratio of 
the harvested land to the total arable land, including fallow. It will be seen from the 
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Fig. 3.9 that all the districts of Doab fall in high category during three different 
periods. The intensity of crop land use in the region during the three periods under 
consideration, the cropping intensity is far below from 100 per cent. The highest 
intensity of 99 per cent is accounted for the district of Saharanpur in 1995-99 
(Table 3.3). 
10. Variable 14 
This variable deals with the intensity of livestock breeding in terms of 
number of conventional animal units per hundred hectares of agricultural land. 
Livestock breeding in Doab has a significant role in the farm economy, specially 
where agriculture is oriented towards the requirement of cattle breeding. 
It is clear from the Fig. 3.10 that the whole region has a very high 
concentration of livestock breeding during 1990-94 as compared to 1985-89. The 
district of Mainpuri accounted for 158 livestock per hundred hectares and falls in 
high category in 1985-89. Similarly, the district of Kanpur Nagar (urban) estimates 
about 112 livestock per hundred hectares and put into high group, while the 
remaining 22 districts have been categorized in very high category during 1995-99. 
c. Production variables 
11. Variable 15 
This variable deals with the land productivity expressed in gross 
agricultural output per hectare. Land productivity in gross agricultural output per 
hectare is measured in terms of carrying capacity per hectare. 
The Ganga-Yamuna Doab with respect of both soil fertility and land 
productivity reveal variations with regard to productivity and fertility of soil. All 
the districts were grouped into low, medium and high categories. Tables (3.1, 3.2 
and 3.3) show that the districts of Saharanpur, Muzaffamagar and Meerut recorded 
the high productivity during the entire period of study. 
During 1990-94, the above three categories almost form three different 
blocks in upper, central and lower Doab as similar to that of in 1985-89. In 1995-99, 
there are some changes in the region, high and medium categories which spread 
over in upper and central Doab and include 7 and 13 districts respectively. Only 
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three districts, namely, Kanpur Nagar (urban), Kanpur Dehat (rural) and Kaushambi 
belong to low category (Fig. 3.11). 
12. Variable 16 
This variable deals with the productivity of cultivated land in terms of 
gross agricultural output per hectare on actually cultivated land i.e., the net area 
sown. The level of agricultural production per unit area is the result of multiple 
physio-cultural factors i.e., climate, soil, irrigation and mechanization. 
The related Tables (3.1, 3.2 and 3.3) show that the district of 
Muzaffarnagar is on the top in terms of agricultural production per hectare in three 
different periods, while the district of Allahabad has the lowest value during 1985-
89 and 1990-94 respectively. In 1995-99 the district of Kanpur Nagar (urban) shows 
the lowest productivity of 10.2 per cent per hectare (Table 3.3). 
It is evident from the Fig. 3.12 that during 1990-94, low, medium and high 
categories comprised 1, 12 and 4 districts as compared to 2, 10 and 5 districts in 
1985-89. In 1995-99, low, medium and high categories included 2, 14 and 6 
districts, while the district of Muzaffarnagar included in very high category. 
13. Variable 17 
This variable shows labour productivity expressed in gross agricultural 
output per person actively engaged in agriculture similar to land productivity. It 
relates to the direct involvement of man's labour to agricultural output and thus 
includes labour efficiency, human involvement and control of the agricultural 
operations, and caring capacity of the farms. 
Fig. 3.13 shows the regions forming very low and low categories. During 
1985-89, the districts of Muzaffarnagar, Meerut and Bulandshahr fell in low 
category and the remaining 14 districts were classed in very low category. In 1995-
99, low category included 5 districts as compared to 3 districts in 1990-94, while 
very low category comprised 14 and 18 districts in 1990-91 and 1995-99 
respectively. 
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14. Variabie 18 
This variable indicates the commercial labour productivity in terms of 
commercial/sold or delivered off farm/production per person actively employed in 
agriculture. The labour productivity in commercial products is related with the 
actual number of people employed in agriculture and their capacity of producing 
farm products, which were produced for marking directly. Thus the total 
commercial production per person will not only shows the intensity but the 
orientation of agricultural activity within a region. This however differs from the 
gross output of agriculture in the sense that it reflects the productive capacity of the 
farmer who is actively engaged in production of cash crops. 
Fig. 3.14 shows labour productivity in three distinct periods in the districts 
of upper Doab, which is relatively high than the rest of the district of Doab. During 
1985-89, four districts out of six, namely, Saharanpur, Muzaffarnagar, Meerut and 
Ghaziabad constituted a block of low productivity. Low commercial labour 
productivity included 4 and 5 districts in 1990-94 and 1995-99 respectively. The 
highest value of commercial productivity per person accounted for 51.3 in Meerut 
district during 1995-99 (Table 3.3). 
15. Variable 19 
This variable includes the degree of commercialization expressed by the 
proportion of commercial production to gross agricultural production, emphasizing, 
the raising of cash crops viz. sugarcane and potatoes. The production of these crops 
is measured in total agricultural output as the crops are market oriented and play an 
important role in region's economic. 
Tables (3.1, 3.2 and 3.3) show that the cultivation of cash crops is largely 
concentrated in the district of upper Doab. These districts are namely, Saharnapur, 
Muzaffarnagar, Meerut, Baghpat, Ghaziabad and Bulandshahr, where the cultivation 
of sugarcane is most important which is followed the cultivation of potato. Among 
these districts, Muzaffarnagar recorded the highest productivity during 1985-89, 
1990-94 and 1995-99. The district of Farrukhabad is the only district in central 
Doab, which recorded the medium concentration of commercialization. 
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It will be seen from Fig. 3.15 that the region has been categorized ranging 
from very high to very low. The groups of very high, medium and low, each 
includes only one district, namely, Mzaffamagar, Farrukhabad and Bulandshahr 
during the periods of 1985-89 and 1990-94. Similarly high and very low category 
included equal number of 3 and 11 districts in the same periods. During 1995-99, 
the districts included under medium, high and very high category accounted for 1, 2 
and 3 in numbers, while very low and low categories comprised 10 and 7 districts. 
16. Variable 20 
This variable indicates production of crops in terms of commercial 
agricultural production per hectare. The level of commercial production depends 
upon the size of land holdings, input of labour and intensity of crop land use, and 
production of cash crops, livestock and poultry products. 
Fig. 3.15(a) shows that during 1985-89, medium and high groups, each 
include 3 districts of upper and central Doab. Low category extended over a large 
area to comprise 10 districts, which form a compact block. In 1995-99, high and 
very high category included only one district, while low category comprised 8 and 
12 districts in 1990-94 and 1995-99 respectively. The highest amount of 
commercial production per hectare accounted for 84.1 in the district of 
Muzaffarnagar during 1995-99 (Table 3.3). 
d. Structural Variables 
17. Variable 22 
This variable deals with the pereimial crops, i.e. the proportion of land devoted for 
the cultivation of perennial and semi-perennial crops. They include the crops land 
under trees, shrubs, sugarcane, cotton etc. generally miscellaneous tree crops, 
groves and non-cereal food crops. 
It will be seen from the Tables (3.1, 3.2 and 3.3) that highest percentage of 
the area under perennial and semi-perennial crops is mainly confined in the districts 
of upper Doab. The district of Muzaffarnagar registered the highest percentage in 
upper Doab. It ranged between 53.5 and 61.7 per cent in 1985-89 and 1995-99 
respectively (Table 3.2 and 3.3). In 1985-89, the categories of high, medium, low 
and very low comprised the same number of districts as similar as in the period 
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1990-94 i.e., 2, 2, 2 and 12 districts. During 1995-99, very low category comprised 
17 districts, which covered a vast area and form a compact block in central and low 
Doab. High category included 3 districts, namely, Saharanpur, Meerut and Baghpat, 
while very high, medium and low, each has only one district (Fig. 3.17). 
18. Variable 23 
This variable describes the area under permanent grassland, i.e. the 
proportion of grassland to total agricultural land. The agrarian structure is measured 
in the form of proportional share of perennial grassland to that of total agricultural 
land, reflecting the intensity of cultivation on the available land. Although the 
existence of grassland and meadows is not significant in Doab. 
Fig. 3.18 shows that all the districts in the region have a very low 
concentration of grasslands and fall in the group of very low in the entire period of 
study. 
19. Variable 24 
This variable deals with the primary food production, i.e. the proportion of 
land under food crops (foodgrains and fruits) to the total amount of agricultural 
land. The emphasis is on primary food production, which indicates the extent and 
intensity of subsistence type of agriculture. The overall cropping pattern of the 
region is dominated by the crops producing food for human beings and partially as 
the food for livestock. 
Fig. 3.19(a) reveals that during 1985-89 thirteen districts fall in very high 
category and formed two separate blocks. The districts of Muzaffarnagar, Meerut, 
Kanpur Nagar (urban) and Kanpur Dehat (rural) also form two small pockets of 
high category and the similar trends are also visible in 1990-94. In 1995-99, the 
Doab has been grouped into very high, high, medium and low. Very high category 
comprises 14 districts, which constitute two zones, while high, medium and low 
categories include 5, 3 and 1 districts respectively (Fig. 3.19 c). 
20. Variable 25 
This variable deals with the general gross production emphasis 
(orientation) i.e., the production of animal products to the total gross agricultural 
production. Although animals are the inseparable part and parcel of Indian 
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agricultural structure, livestock enterprise inevitably thrives side by side in the 
region. 
In general, it is observed that during 1985-89, the proportion of animal 
products is not significant and all the 17 districts fall in very low category. During 
1995-99, there is some improvement in the situation and low class comprises 8 
districts as compared to 2 districts in 1990-94, while very low includes 15 districts 
during both of the periods of 1990-94 and 1995-99 (Fig. 3.20b & c). 
21. Variable 26 
This variable includes the general commercial emphasis (orientation) i.e. 
the proportion of animal products to the total commercial production of agriculture. 
The commercial production of agriculture consists of sugarcane, cotton and 
potatoes, while animal products comprises of meat, wool, milk, hides and skins. 
Fig. 3.21 shows that the region has been divided into 5 categories from 
very high to very low during three different periods. But a general view reflect that 
very high, high and medium concentration of commercial products are mainly 
confined in central and low Doab, while the districts of upper Doab have low to 
very low concentration. It is due to the high degree of commercialization. 
22. Variable 27 
This variable deals with the industrial crops i.e. the proportion of gross 
output of industrial crops to the total gross output. In this variable sugarcane has 
been taken as an industrial crop. 
It is clear from Tables (3.1, 3.2 and 3.3) that the high concentration of 
industrial crop is mainly confined in 5 districts, namely, Saharanpur, 
Muzaffarnagar, Meerut, Baghpat, Ghaziabad and Bulandshahr. Among these 
districts, Muzaffarnagar recorded the highest index of about 82.4 and 83.8 per cent 
in 1990-94 and 1995-99 respectively. 
C. Agricultural Typology and Typological Regions in the Ganga-Yamuna Doab 
For determining agricultural types in the Ganga-Yamuna Doab, index 
values on the basis of some diagnostic variables were calculated in terms of related 
measurement units, such as: number of persons, production in kilograms, horse-
103 
GANGA-YAMUNA DOAB 
Vaiiable-25, Gemal Gross Prodution Emphasis- Orientation, Proportion 
of Animal Roducts to tlie Total Gioss Agricultural Production 
(1985-89) (1990-94) (1995-99) 
Fig. 3.20 
104 
GANGA-YAMUNA DOAB 
Vaiiable-26, Geiiial Gioss Prodution Emphasis- Orientation, R'opoition 
of Animal Pioduction to Total Commercial Prodution of Agriculture 
(1985-89) (1990-94) (1995-99) 
V.HIOH 
fflOH I 
MEDIUM 
LOW 
V.LOW 
INDEX 
>80 
60-20 
40-60 
20-40 
<20 
Fig. 3.21 
LS^ ' 
105 
GANGA-YAMUNA DOAB 
Vaiiable-27, Industtial Crops- Hie Proportion of Induslrial Crops 
to Gloss Prodution 
(1985-89) (1990-94) (1995-99) 
V.HIOH 
HIGH 
MEDIUM 
LOW 
VIOW 
m m 
iiiijiii 
iiii;:;;; 
INDEX 
>80 
«0-80 
40-60 
20-40 
•=20 
Fig. 3.22 
106 
power hour, conventional units, animals units, monetary units, grain units, 
percentage etc. which are helpful for making them comparable and for 
normalization. Normalization index value is calculated by substituting each index 
value (or the percentage) of the given agricultural characteristics with its 
placing/rating in six broad classes: 0 - insignificant, 1 - very low, 2 - low, 3 -
medium, 4 - high and 5- very high. Table 3.4 shows the classes of range of 
individual variable which have been very widely used in different typological 
studies of world agriculture (Kostrowicki, 1992): 
Table 3.4 
Classes of Individual Attributes 
Classes/ No. 
of the variable 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
Very low 
I 
-20 
-20 
-20 
-20 
-2 
-5 
-100 
-3 
-2 
-6 
-10 
-10 
-10 
-10 
-5 
-5 
-40 
-20 
-20 
-3 
-0.1 
-10 
-20 
-20 
-20 
-20 
-20 
Low 
2 
20-40 
20-40 
20-40 
20-40 
2-8 
5-20 
100-1000 
3-15 
2-8 
6-15 
10-30 
10-25 
10-30 
10-30 
5-20 
5-20 
40-100 
20-60 
20-40 
3-12 
0.1-0.2 
10-20 
20-40 
20-40 
20-40 
20-40 
20-40 
Medium 
3 
40-60 
40-60 
40-60 
40-60 
8-50 
20-100 
1000-10000 
15-40 
8-15 
15-35 
30-80 
25-50 
30-70 
30-80 
20-45 
20-45 
100-250 
60-180 
40-60 
12-30 
0.2-0.4 
20-40 
40-60 
20-60 
20-60 
20-60 
20-60 
High 
4 
60-80 
60-80 
60-80 
60-80 
50-200 
100-1000 
10000-100000 
40-150 
15-30 
35-90 
80-120 
50-80 
70-130 
80-160 
45-100 
45-100 
250-800 
180-600 
60-80 
30-80 
0.4-0.8 
40-60 
60-80 
60-80 
60-80 
60-80 
60-80 
Very 
High 
5 
80-
80-
80-
80-
200-
1000-
100000-
150-
30-
90-
200-
80-
130- • 
160-
100-
100-
800-
600-
80-
80-
0.8-
60-
80-
80-
80-
80-
80-
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On the basis of the index value given in the above table, the rating of each variable 
of four groups (social, operational, production and structural) for three different 
periods (1985-89, 1990-94 and 1995-99) are shown in Tables 3.5, 3.6 and 3.7. Each 
table shows the district-wise distribution of variables which have been assigned by a 
code. On the basis of these codes it is possible to identify different types of 
agriculture and their spatial and regional association within the region. However, 
each unit of four groups was presented in the form of code which consists of 25 
digits, each ranging from 0 to 5. For example, the codes assigned to the Algiarh 
district in 1990-94 were as follows: 
00211-5524545-3311120-115151 
Table 3.5 
Groups of Variables (in Codes) in the Districts of Ganga-Yamuna Doab -
1985-89 
Districts 
Saharanpur 
Muzafifamagar 
Meerut 
Ghaziabad 
Bulandshahr 
Aligarh 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Etawah 
Kanpur Nagar(urban) 
Kanpur Dehat(mral) 
Fatehpur 
Allahabad 
Principal Groups of Variables 
S 
00211 
00212 
00211 
00111 
00211 
00211 
00211 
00211 
00211 
00111 
00111 
00111 
00111 
00111 
00111 
00111 
00111 
0 
5525445 
5515545 
5515545 
4515445 
4515545 
4524545 
4514545 
4513445 
0500445 
4515444 
4514445 
4525445 
4514445 
4514345 
4514345 
4514345 
5514345 
P 
4412440 
4422540 
4422440 
3412430 
4421230 
3311120 
2311110 
3311120 
3311120 
3311120 
3311120 
3311120 
3311120 
3311120 
3312120 
2211110 
2211110 
C 
315114 
414114 
414114 
315123 
215122 
115151 
115121 
115151 
115151 
115111 
115111 
115111 
115121 
115151 
115121 
115131 
115151 
Source: Based on Table 3.1 
The digit 5 at the beginning of the second group indicates that the value of 
diagnostic variable No. 8 (input of labour per 100 ha. of agricultural land), in 
agriculture is contained in class 5 i.e., more than 150 persons per 100 ha. of agricultural 
land. Further the digit 1 belonging to the fourth group indicates that the value of 
diagnostic variable No. 27 (production of industrial crops) to be used with the industrial 
108 
processing as the percentage of gross agricultural output in conventional units is 
contained in class 1, i.e., amount to less than 20 per cent (Szyrmer, 1992). 
(a) Determination of Agricultural Types 
Typological studies conducted in agriculture consist of three levels of 
types. This system comprises six types of the first order, 20 of the second order, and 
over 100 of the third order. Agricultural types classified in three levels are arranged 
in a hierarchical order, i.e., each type of the third order belongs to one type of the 
second order and each type of the second order to one of the type of the first order 
(Szyrmer, 1992). For example, the symbol Mii used for the Saharnapur district 
during 1995-99, indicates that the type of third order represented by it, belongs to 
types: M (first order). Mi (second order) and Mii (third order). 
Table 3.6 
Groups of Variables (in Codes) in the Districts of Ganga-Yamuna Doab-1990-94 
Districts 
Saharanpur 
Muzaffamagar 
Meerut 
Ghaziabad 
Bulandshahr 
Aligarh 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Etawah 
Kanpur Nagar(urban) 
Kanpur Dehat(rural) 
Fatehpur 
Allahabad 
Principal Groups of Variables 
S 
00211 
00212 
00112 
00111 
00111 
00211 
00111 
[ 00111 
00111 
00111 
00111 
00111 
00111 
00111 
00111 
00111 
00111 
o 
5525545 
5525545 
4525545 
4525445 
4515545 
4524545 
4524545 
4514445 
4514445 
4525445 
4515545 
4525445 
4514445 
5515445 
4524445 
4514345 
5515445 
P 
4412440 
4422540 
4422440 
4422440 
3311230 
3311120 
3311120 
2211110 
3311120 
3311120 
3311120 
3311330 
3311120 
2311110 
3311120 
2311120 
2311110 
C 
314114 
414125 
414114 
314123 
215122 
115151 
114131 
114251 
115151 
115121 
115121 . 
115121 
115131 
115251 
115151 
115141 
115151 
Source: Based on Table 3.2. 
In order to find out different types of agriculture in the Ganga-Yamuna 
Doab, the code assigned for the variables were compared with the characteristics of 
the types of first, second and third order of agriculture. Table 3.5 indicates, that the 
Ganga-Yamuna Doab has 3 distinctly marked (third orders) of agriculture type 
during 1985-89. Similarly, the codes of variables given in Table 3.6 and 3.7 show 4 
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distinct types (of third order) of agricultural typology during 1990-94 and 19995-99 
respectively. They are as follows: 
i) Tmm - Semi-subsistence to semi-commercial mixed agriculture 
ii) Tir - Semi-irrigated, low productive, semi-subsistence agriculture 
iii) Tiu - Irrigated, medium productive, semi-subsistence to semi-commercial 
crop agriculture 
iv) Mii - Labour intensive, irrigated, highly productive food crop agriculture 
Table 3.7 
Groups of Variables (in Codes) in the Districts of Ganga-Yamuna Doab-1995-99 
Districts 
Saharanpur 
Muzaffamagar 
Baghpat 
Meerut 
Ghaziabad 
Gautambuddha Nagar 
Blandisher 
Aligarh 
Hathras 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Kannauj 
Etawah 
Auraiya 
Kanpur Nagar(urban) 
Kanpur Dehat(rural) 
Fatehpur 
Kaushambi 
Allahabad 
Principal Groups of Variables 
S 
00211 
00212 
00212 
00212 
00111 
00111 
00111 
00211 
00211 
00211 
00111 
00111 
00111 
00111 
00111 
00111 
00111 
00111 
00211 
00111 
00111 
00111 
00211 
o 
5535545 
5535545 
5525545 
4525445 
5525545 
4514545 
5515545 
5525545 
4515545 
4525545 
4515445 
4515545 
4525445 
4515445 
5525445 
5515545 
4515345 
5515445 
4514344 
4535445 
5525445 
5515345 
5515445 
P 
4422440 
4522550 
4422540 
4422540 
4422440 
3311110 
4411230 
3311120 
3311220 
3311220 
3311220 
3311220 
3311220 
3311220 
4411330 
3311220 
3311110 
3311110 
2211110 
2311110 
3311120 
2211110 
3311110 
C 
414114 
513115 
413125 
413244 
315234 
114251 
215132 
115251 
115251 
115141 
114251 
115141 
115121 
115121 
115121 
115131 
114151 
115151 
112151 
114251 
115141 
115151 
115251 
Source: Based on Table 3.3. 
(b) Hierarchical order of Agriculture Types 
From the point of view, of hierarchical order of agricultural types in the 
Ganga-Yamuna Doab, based on the coded variables frame, following two distinct 
types of (first order) agricultural types can be described as : 
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T - Traditional intensive agriculture characterized with small scale agriculture 
with high to medium inputs of labour, low capital inputs, medium to high land 
productivity, low labour productivity, low to medium commercialization, 
cultivation is oriented mainly towards food production (whether crop or animal), 
covered 14 and 13 districts in 1985-89 and 1990-94 respectively. During the period 
of 1995-99, it comprised 17 districts (Fig. 3.23). 
M - Market oriented agriculture is characterized by private land ownership, low 
medium input of labour, high capital inputs, high land and labour productivity and 
high degree of commercialization. Fig. 3.23(a) shows, that this type of agriculture is 
seen in 3 districts of Saharanpur, Muzaffarnagar and Meerut in 1985-89. During 
1990-94 and 1995-99, it comprised 4 and 6 districts. In these two periods of time, 
the districts of Baghpat, Ghaziabad and Bulandshahr were added along with above 3 
districts in 1985-89. 
Related with the above discussed first order agricultural types, the second 
order types can be considered as follows: 
Tm - Traditional, small scale, mixed agriculture, characterized by land operated by 
the owners. Small scale agriculture with high inputs of labour and animal power, 
low to medium capital inputs, medium to high land productivity, low labour 
productivity, low to medium commercialization, mixed crop and animal 
orientations. Tm types of agriculture covered 11 districts in 1985-89, while 8 
districts under the same type of agriculture were in 1990-94. During 1995-99, the 
number of districts increased to 13 (Fig. 3.24). 
Ti - Traditional, small scale, labour intensive crop cultivation characterized as land 
operated by the owners, rarely under customary rights of tenures. Very small to 
small scale agriculture with high to very high inputs of labour and considerable 
inputs of animal power, very low mechanization and little use of chemical fertilizers 
often with irrigation, very high land productivity, mixed crop production. 
This type of agriculture is found in the districts of Agra, Fatehpur and 
Allahabad in 1985-89 and Kanpur Nagar (urban), Fatehpur and Allahabad in 1990-
94. Similarly, during the period of 1995-99, there were 7 districts namely, Aligarh, 
Kanpur Nagar (urban), Kanpur Dehat (rural), Fatehpur, Kaushambi and Allahabad 
which belonged to same type of agriculture (Fig. 3.24). 
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Mi - Very small to small scale agriculture with very high input of labour, 
high to very high capital input, very high land productivity, high to very high labour 
productivity, very high specialization in the production of food crops. Fig. 3.4 
shows that this type of agriculture is mainly confined in the districts of upper Doab, 
specially in Saharanpur, Muaffarnagar, Baghpat, Meerut, Ghaziabad and 
Bulandshahr during three periods under consideration. 
The third order agricultural type determined is the resultants of the first 
and second order characteristics, but due to little differences in taxonomic character, 
these are distinguishable as four major type which consists of the following: 
Tmm - Semi-subsistence to semi-commercial mixed agriculture characterized 
by small scale agriculture with high input of labour and animal power, low to 
medium capital input, medium to high land productivity, low labour productivity, 
low to medium commercialization. It comprised 11 districts, namely, Ghaziabad, 
Bulandshahr, Aligarh, Mathura, Firozabad, Mainpuri, Etah, Farrukhabad, Etawah, 
Kanpur Nagar (urban) and Kanpur Dehat (rural) during 1985-89, while 9 districts, 
with the exception of Ghaziabad and Kanpur Nagar (urban) were incorporated 
during the period of 1990-94. During 1995-99, they were 13 in number. 
Tir - semi-irrigated, low productive, semi-subsistence agriculture (this type is 
transitional between Ti and Tm closer to E), characterized by semi-irrigated, labour 
intensive, semi-subsistence with low land and labour productivity, very low to low 
commercialization, primary food production, medium to high, low to medium crop 
animal production oriented. 
During 1985-89, the third order of Tir comprised 3 districts of Agra, 
Fatehpur and Allahabad, while there were 4 districts namely, Agra, Kanpur Nagar 
(urban), Fatehpur and Allahabad in 1990-94. Fig. 3.25(c) shows that, the districts of 
Kanpur Nagar (urban), Kanpur Dehat (rural) and Kaushambi belonged to the same 
type of agriculture during the period of 1995-99. 
Tiu - third order type is identified as irrigated medium productive, semi-subsistence 
to semi-commercial crop agriculture (of transitional order between Ti and Tm). This 
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type covered only one district of Aligarh during 1990-94 and in 1995-99, there were 
4 districts, namely, Agra, Kanpur Nagar(urban), Fatehpur and Allahabad. 
Mii - labour intensive, irrigated, highly productive food crop agriculture (of 
transitional order between Mi and Ms) characterized by very small to small scale 
agriculture with medium to high inputs of labour, very low mechanization, medium 
to high chemical fertilization, often irrigated, high productivity of land, and low to 
medium labour productivity, high commercialization and specialization, mainly in 
perennial industrial crops. Fig. 3.25 (a & b) show, that Mii type of agriculture 
comprised 3 and 4 districts in 1985-89 and 1990-94 respectively. During 1995-99, 
this types of agriculture covered 7 districts, namely, Saharanpur, Muzaffarnagar, 
Baghpat, Meerut, Ghaziabad and Bulandshahr. 
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CHAPTER 4 
MEASUREMENT OF AGRICULTURAL PRODUCTIVITY IN THE 
GANGA-YAMUNA DOAB 
A. Concept of Agricultural Productivity 
The meaning of productivity is not a synonym of fertility. It is more 
commonly used to indicate the power of agriculture in an area to produce crops, 
irrespective of the fact whether that power is due to the bounty of nature or to the 
efforts of man. Whereas, fertility relates to the soils to give all the essential plant 
nutrients in available form and in a suitable balance needed by the plants for 
sustenance and healthy growth (Shafi, 1984). 
Agricultural productivity has also incorrectly and interchangeably been used 
with production but fact is that production refers to the total volume of output while 
productivity signifies the output in relation to resources expanded. Production can be 
increased by employing more resources without increasing productivity* On the other 
hand productivity can be increased without increasing production by employing less 
inputs for the same production level. It is commonly agreed that productivity is the 
ability of a production system to produce more economically and efficiently. 
Therefore, agricultural productivity can be defined as a measure of efficiency with an 
agricultural production system which employs land, labour, capital and other 
resources. r 
Agricultural productivity may be defined as a ratio between the index of total 
agricultural output and the index of total inputs used in farm production. It is 
therefore, a measure of the efficiency of farming in which inputs are applied in crop 
production, other things being equal (Shafi, 1984). Stamp (1960), while attempting to 
measure crop productivity per unit area emphasized that the aerial differences in 
productivity are the result partly of natural advantage of soil, and partly of the farming 
efficiency. Farming efficiency refers to the properties and qualities of a number of 
inputs, the manure, in which they are combined and utilized by the farmers in crop 
production (Rehman, 2003). Dewett (1966) explained it as, "productivity expresses 
the varying relationship between agricultural output and one of the major inputs like 
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land, labour or capital, other complementary factors remaining the same....". It may 
be borne in mind that productivity is physical rather than a value concept. 
The concept of agricultural productivity engaged the attention of many 
an economist at the 23'^ '' Annual Conference of the Indian Society of Agricultural 
Economics (1964). After a thorough discussion, it was finalized that the yield per acre 
may be considered to represent the agricultural productivity in a particular region, and 
that other factors of production be considered as the possible causes for the variation 
while comparing it with the other regions. According to Pandit (1965) "productivity is 
defined in economics as the output per unit of input... the art of securing an increase 
in output from the same input or of getting the same output from a smaller input". He 
suggested that to increase in productivity with regards to industry or agriculture, is 
commonly the result of a more efficient use of the factors of production. Saxon (1965) 
incorporates the productivity as a physical relationship between output and the input 
which gives rise to that output. Horring (1964) considers productivity, in broad terms 
to express the ratio of output to some or of all associated inputs. 
Productivity of agriculture so far has been looked at from different points of 
views, such as the productivity of land, labour and capital. In a literary sense, they 
have been referred to as the partial productivity measures (Shafi, 1984). 
(a) Productivity of Land 
Land on a regional or unit basis express the yield of crops in terms of 
agricultural output, and from a national point of view, it is desirable to secure the 
employment to the greatest number of persons. Measurement of productivity of land 
is obviously of prime importance in countries where there is a great pressure of 
population on agricultural land. In countries where, land is limited, the main purpose 
of raising the agricultural production to keep pace v^th regards to the growth of 
population and the demand for improved calories of the people is by raising the yield 
of crops per hectare (Shafi, 1984). 
Increasing the productivity of land, however, does not mean only raising the 
yield of individual crops. It encompasses, the whole output of a farm or region in 
relation to the total area of farm land, which may be raised by altering the means of 
production towards more intensive systems of cultivation or devoting the land for the 
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cultivation of higher value crops. The productivity of land may be increased by 
raising multiple crops in a year on the same land as many of the farmers of Japan, 
Taiwan, Egypt and India are doing (Shafi, 1984). 
(b) Productivity of Labour 
Productivity of labour up to some extent is more complex aspect rather than 
land productivity. Labour productivity means the income of population engaged in 
agriculture and can be measured in terms of output per worker. It takes into account 
all the labour which contributes to agricultural production, the labour that is used 
directly off the farm in producing the materials and services used on agricultural 
production. Labour input to agriculture may be denoted as the total number of persons 
engaged or, in order to take into account the intensity of workers as the number of 
man-hours worked in different farming operations. The more refined system of labour 
productivity measurement in agriculture is value added per man-hour, which is 
important mainly in economically advanced countries, where it is intended to compare 
labour productivity in agriculture with that of the income of persons engaged in 
occupations other than agriculture. That is of less importance in developing countries 
where there is an abundance of farm labour and where farm workers are seasonally 
employed except at the time of peak labour demand for harvest and post-harvest 
operations (Shafi, 1984). 
Labour productivity in farming has two important aspects. Firstly, it has a 
profound effect on national prosperity, i.e., the per capita national income; secondly, 
it determines the standard of living of the population engaged in agriculture (Yates, 
1960). National prosperity in the economic perspective to a greater extent is 
synonymous with relatively a higher output per man-hour. If a country intends to 
increase its prosperity, it requires: (a) to provide technical assistance to the labour 
population to increase per capita productivity, and (b) to stimulate a transfer of labour 
work force from low productivity to high productivity regions on a regular basis 
(Shafi, 1984). 
(c) Productivity of Capital 
Productivity measures of capital in agriculture are complicated to compute and 
more difficult to interpret. This is largely because of both diversity of farms and 
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various needs and purposes for which capital is utilized in agricultural production. 
Capital involvement in agriculture is meant for the purchase of land, land reclamation, 
for work on drainage channels, irrigation, livestock purchase, feeds, seeds, fertilizers 
and manures, purchase of implements and machinery, electricity, lubricants and fiiels, 
crop protection chemicals ,etc (Rehman, 2003). 
(B) Approaches for the Measurement of Agricultural Productivity 
A number of attempts have so far been made to measure and quantify 
agricultural productivity in developing and developed couritries of the world. 
In an earlier attempt while measuring the relative productivity of British and 
Danish farming Thompson (1926) expressed it in terms of gross output of crops and 
livestock by selecting seven parameters: (i) the yield per acre of crops, (ii) number of 
livestock per 100 acres, (iii) the gross agricultural production or output per 100 acres, 
(iv) the proportion of arable land, (v) the number of persons employed in farming, (vi) 
the cost of production expressed in terms of labour wages, rent or interest, and (vii) 
price relative profitability and general economic conditions. 
While presenting a theoretical discussion for computing productivity in 
agriculture, Ganguli (1938) considered at the first instance the area under crop 'A' in 
a particular unit area forming a part of certain region. This, he expressed as a 
proportion of the total cropped area of all the crops selected. Secondly, he tried to 
obtain the index number of yield of a crop. This was found by dividing the yield per 
hectare for the entire region under study as the standard. This yield may be expressed 
as a percentage and that percentage may be regarded as the index number of yield. 
Thirdly, the percentage of the area under crop 'A' and the corresponding index 
niunber of yield were multiplied. The product thus obtained indicates actually an 
index of the contribution of the crop 'A' to the productivity of the unit considered. 
Kendall (1939) taking the acre yield often leading crops in each of the forty-
eight administrative counties in England for four selected years, treated crop 
productivity measurement as a mathematical problem and initiated a system of four 
coefficients: (a) productivity coefficient (b) ranking coefficient, (c) money value 
coefficient and (d) starch equivalent or energy coefficient. 
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For determining the productivity by the productivity coefficient method, it 
involves the use of advanced mathematics, and the money value coefficient and starch 
equivalent or energy coefficient poses practical difficulties, therefore, Kendall looked 
for a coefficient which might lead to similar results in productivity computation and 
save a good deal of calculations. He evolved a method of ranking coefficient, the 
purpose of which is to arrange in sequence any given number of units of area growing 
the same range of crops and then determine their agricultural efficiency. For the 
purpose of ranking coefficient, Kendall took the acre yield of ten leading crops in 
each of the forty-eight administrative counties of England for four selected years. The 
acre yield of the selected crops were arranged in descending order for each county and 
the places occupied by each county with respect to the selected crops were then 
averaged and thus the ranking coefficient indicating agricultural efficiency of each 
county was obtained. If a county found its place at the top of every ranking list, it 
would have a ranking coefficient of one, and if it were at the bottom of every list, it 
would have a ranking coefficient equal to the number of counties, occupying the place 
in the list. 
Enyedi (1964) discussed geographical types of agriculture in Hungary refers to 
a formula for measuring crop productivity. The formula would be read thus: 
Y T 
Yn T„ 
Where, 
Y = the total yield ofthe respective crop in the unit area, 
Yn = the total yield of crop at the national level, 
T = the total cropped area of the unit of study, and 
Tn = the total cropped area at the national level. 
The Indian Society of Agricultural Economics (1966) considered the problem 
and published a series of articles under the broad head 'Regional Variation in 
Agricultural Development and Productivity'. Among the contributors Chatterji and 
Maitreya (1964) have determined the levels of agricultural development and 
productivity during 1950-51 to 1957-58 in the state of West Bengal taking two crops 
(rice and jute) in consideration. They utilized the acre yield figures for this purpose. 
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Dhondyal (1964) has measured variation in agricultural development and productivity 
by selecting in agricultural three representative districts from the three regions of 
Uttar Pradesh, while assessing the role of credit, intensive crop enterprises, and the 
influence of irrigation water during 1962-63. 
Garg (1964) worked out the trends in agricultural development with respect to 
total cropped area, gross irrigated area and food grain production in the two districts 
of Uttar Pradesh; viz., Gorakhpur representing the eastern region and Meerut from the 
western region and productivity by assessing acreage and production and average 
yield per acre of three important crops, viz., rice, wheat and sugarcane. This study 
extends from 1951-52 to 1960-61, covering the period between the first and second 
five year plans. 
Hirsch (1943) has suggested, 'Crop Yield Index' as the basis of productivity 
measurement. 'Crop Yield Index' expresses the average of the yields of various crops 
on a farm or in a locality relative the yield of the same crops on another farm in a 
second locality. Zobel (1950) has attempted to determine the labour productivity. He 
pointed out that the productivity of labour as the ratio of total output to the total man-
hours consumed in the production of that output resulting in output per man hour. 
This has been expressed by the following equation: 
7r = f(P,L) 
Where, 
71 = production of labour, 
P = production, and 
L = Labour utilized. 
Stamp (1952) applied Kendall's ranking coefficient method on an 
international level to determine agricultural efficiency by selecting certain crops 
grown in some countries of the world. Huntington and Valkenburg (1952) considered 
land productivity on the basis of acre yield of eight crops which were very widely 
grown in Europe. They selected the average yield per acre of each crop for the entire 
Europe, and assumed 100 as an index, and the specific yield index for each of the 
country was calculated. 
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Another approach to measure productivity is to convert the total food 
production into calories. Quantitative food requirement for the human population are 
usually estimated in terms of heat units i.e. calories. A physiological calorie (also 
called kilo calorie and abbreviated kcal) is the amount of heat necessary to raise the 
temperature of one kilogram of water by one degree centigrade. The calorie intake is a 
measure of the general health of a person because it determines the amount of heat 
and energy by the human body. 
Stamp (1958) suggested another method for measuring agricultural 
productivity by converting crop production into calories. The calorie intake is a 
measure of the general health of a person because it determines the amount of energy 
needed by the human body. The British Medical Association on the basis of survey 
and enquiry published a table showing a range of desirable calorie intake among 
adults, from 2,100 calories a day for a women in sedentary occupation to 2,450 
calories for a man engaged in active manual work. For children, the desirable intake is 
given as 800 calories a day for infants under 1 year, and for teenage boys 3,400 
calories a day. By considering the age structure, occupation, the weight and height of 
the peoples living under climatic conditions of northwestern Europe, the average of 
calorie intake comes to 2,460 a day or about 9, 00,000 calories per year. Taking the 
loss in cooking. Stamp termed 10, 00,000 (one million) as Standard Nutrition Unit 
(SNU). 
The Nutritional Expert Group of Indian Council of Medical Research has 
recommended the daily allowances of Indians. They published a table to show the 
caloric intake among adults from 1,900 a day for a women in sedentary work to 3,900 
for a man engaged in heavy work. For children, it was recommended 1100 calories 
per kg. weight of the body per day for infants under 1 year to 3,000 for teenage boy. 
Shaft (1960) applied Stamp's SNU technique for measuring the agricultural 
efficiency by selecting certain food crops in the twelve villages of Eastern Uttar 
Pradesh. The net caloric intake ranges from 1,828 a day (667,677 a year) to 2,175 a 
day (795,514 a year). He found that in no case it reaches the 9, 00,000 calories 
postulated as the Standard Nutrition Unit. He concluded that in the well drained and 
irrigated villages of Eastern Uttar Pradesh the caloric intake per person amounts to 
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about 2000 a day. Where the caloric intake drops below 2,000 a day, both standard of 
living and standard of health are perceptibly lower. 
Loomis and Barton (1961) have measured United States agricultural input and 
productivity in aggregate. They considered the aggregate productivity depends upon 
conceptually consistent measures of agricultural output and inputs. The measures of 
inputs include all the production factors that depend directly on the decisions of 
farmers. Mackenzie (1962) has measured the efficiency of crop production in 
Canadian agriculture by using the coefficient of output relative to input. He explain 
that the concept of measurement of agricultural productivity is difficult to define and 
even more difficult to quantity. Commen (1962) while working out the trends of 
productivity in agriculture of the state of Kerala has measured productivity on the 
basis of yield per acre. 
Sapre and Deshpande (1964) suggested a slight improvement in Kendall's 
ranking coefficient' technique by the simple average ranks with that of 'weight 
average ranks'. This improvement attempts to incorporate the percentage of crop area 
to the total area of the district as a unit of study. In order to get the weighted ranks, the 
ranking position of crop 'a' is multiplied by the magnitude of it to the total cropped 
area. For example, in an unit area 'a' attains rank 5 on the basis of yield for wheat 
crop, and wheat occupies 33 per cent of area of the cropped land; jowar attains rank 3 
and cultivated on 16 per cent of the total cropped area. Thus, the weighted average of 
ranks for the above crops would be: (5x33) + (3x16) + (4x30) = 333, divided by the 
sum of the weights as 333/79 = 4.21. Applying the Kendall's ranking coefficient, it 
would be worked out as: 5+3+4+ = 12, divided by the number of crops considered as: 
12/3=4. 
The Indian Society of Agricultural Statistics organized a symposium on the 
topic 'Measurement of Agricultural Productivity' at the 17*** Aimual Conference of the 
Society held at Jaipur in 1964. The research papers contributed by many scholars 
appeared in the society's journal, viz., Journal of the Indian Society of Agricultural 
Statistics, in an issue of 1965. Sarma (1965) while defining the concept of agricultural 
productivity has suggested various parameters on which crop productivity can be 
measured. According to him, productivity can be considered in terms of overall 
resources employed in crop cultivation. In case of some commodities like food grains, 
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fruits and vegetables, sugarcane and edible seeds, he suggests that the output of these 
commodities be converted into calories. While considering the other non-food crops 
such as cotton and other fibers the only common measure being the value which 
involves the pricing of different products. For evaluating value of production, from 
harvest or wholesale price have the definite significance. He also emphasized 
agricultural work force as the basis of productivity measurement, e.g., the total 
number of labourers employed (in order to account the intensity of labour) or the 
number of man-hours worked in agriculture per unit of area. 
Khusro (1965) has linked assessment of productivity with the output per unit 
of a single input and output per unit of cost of all inputs in the crop production. Saran 
(1965) has applied Cobb-Douglas 'Production Function' approach for the 
measurement of productivity. The common purpose of this function is to express 
output/input relationship between several inputs and one output in the agricultural 
system. The function takes the following form: 
Y = A Xi , X2^, X3 , X4^.... Xn^  
Where, Xi, X2, X3. . . Xn denote various inputs, like land, labour, capital assets and 
other working expenses. The value of b, c, d ...y represents elasticity of the respective 
inputs. Tambad (1965 and 1970) has adopted 'Crop Yield Index' as the basis for 
measuring agricultural productivity. He explained, that the purpose of this techniques 
is to express the average yield of various crops on a farm or in a region relative to the 
yield of same crops on an another farm or in a second region. It can be expressed in 
the equation form as: 
n Yi 
I Ai 
i=l yi< 
Crop Yield Index 
n 
SAi 
i=l 
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Where, 
i = 1, 2, 3... n are the nuniber of crops considered in an unit area or 
year, 
Yi = is the yield per acre of crop 'i ' , in a farm area or year, 
Aj = is the weightage of crop ' i ' , denoted by the area under the crop as 
a percentage of total cropped, and 
Yjo - is the average yield per acre of crop ' i ' , at the group of farms or 
entire region or the base year. 
Shafi (1965) suggested the measurement of productivity on the basis of 
agricultural workers engaged in cultivation. According to him labour productivity can 
be computed by dividing the agricultural production (in any unit of area) by the 
number of hours or less precisely by the number of persons v^ho worked in 
agriculture, or a reverse index be applied when it is intended to get the total number of 
persons engaged per unit of crop production. 
Agarwal (1965) suggested 'Factorial Approach' as a measure of agricultural 
efficiency. In his study of Bastar district of Madhya Pradesh, he took a set of number 
of human controlled factors pertaining to agricultural production. He included the 
crop superiority, crop commercialization, crop security, land use intensity and power 
inputs with the exception of environmental factors. Bhatia (1967) examined the 
changes and trends of progress during 1953-1963 in agricultural efficiency in the 
districts of Uttar Pradesh by adopting Ganguli's method and developed an equation 
that would be read thus: 
Yc 
(i) lya = xlOO 
Yr 
Where, 
lya = the yield index of crop a, 
Yc = the average yield of crop 'a' in the unit, 
Yr = is the average acre yield of crop 'a' in the entire region and 
(ii) Ei = xlOO 
Ca + Cb + ... Cn 
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Where, 
Ei = the agricultural efficiency index, 
lya, lyb.... lyn = are the indices of various crops, and 
Ca, Cb.. Cn = represent the proportion of cropland devoted to 
different crops. 
Shafi (1967 and 1969) applied Stamp's 'Standard Nutrition Unit' technique 
for measuring the agricultural efficiency by selecting certain food crops in each 
district of India. Noort (1967) suggested 'Net Total Productivity' (being the 
relationship between the net output and factor input) as a method for the measurement 
of field productivity and also to assess comparisons 'in time' or 'in space'. The main 
purpose of this measure is to account changes in labour and capital inputs in 
agriculture. 
Sinha (1968) considered 'Standard Deviation' method as the basis of 
measuring efficiency in Indian agriculture. For this purpose, he selected all of the 
twenty-five major crop grown in the districts of country to group them into: cereals, 
pulses, oilseeds and cash crops, and specific yield of these crops were taken. In cash 
of cash crops, their output in terms of money value (Rupee per hectare) was computed 
on the basis of prevailing wholesale price of that commodity. Finally the standard 
scores obtained were multiplied by the figures of area under cultivation of crops. 
Hayami and Ruttan (1970) measured agricultural labour productivity in 
developed countries and less developed countries of the world for three different 
periods of time - 1955 (1952-56 average), 1960 (1957-62 average) and 1965 (1962-
66 average) by using Cobb-Douglas, 'Production Fvmction'. They incorporated 
independent variables as the cause of productivity differences: land, labour, livestock, 
fertilizer, machinery, education and technical manpower. 
Shafi (1972) applied the modified formula initiated by Enyedi, to determine 
agricultural productivity of the Great Indian Plain. In this modified formula the 
summation of total yield of all the selected crops (Yn) in the unit area (district) is 
divided by the total area under those selected crops considered in the unit area 
(district). The position thus obtained is examined in relation to the total yield of all the 
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selected crops considered at the national level, divided by the total cropped area under 
those crops at the national level. The formula would be read thus: 
Yw Yr Ymi iw i-r i-mi 
( + + . . . .n) : ( + + .. . .n) 
t t t T T T 
Or 
Yn Yn 
2 : E 
t„ T„ 
Where , 
Ymjr, Ymi n = total yield of various crops in the district, 
Yw, Yr, Ymi n = total yield ofvarious crops at the national level, 
t = total area under different crops in the district, 
T = total area under different crops at the national level. 
Singh (1972) has evolved a new technique for the measurement of agricultural 
efficiency, which consists of the measurement of carrying capacity per unit area in 
terms of population in relation to output per unit area. The method would be read in 
the equation form as: 
Co 
(i) Cp 
Sn 
Where, 
Cp = carrying capacity, 
Co - Caloric output per square mile, 
Sn - Standard nutrition for ingestion in calories per person/annum. 
Cpe 
(ii) lae = XIOO 
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Where, 
lae = the index number of agricultural efficiency of an enumeration 
unit, 
Cpe = the carrying capacity in terms of population in the component 
enumeration unit, 
Cpr = the carrying capacity in the entire region. 
The Indian Society of Agricultural Statistics in its 30* Aimual Conference 
held at Bhubaneswar, Orissa, India (1977), discussed some aspects on agricultural 
productivity in the Indian context. Raheja et al. (1977) have measured the impact of 
high-yielding varieties based on data collected under the scheme, 'Sample Survey for 
Assessment of High-Yielding Varieties Programme', during 1973-74 and regional 
variations in productivity on the basis of yield per hectare in India. Singh et al. (1977) 
have accounted the level of increase in the yield of different crops during three 
decennial year, i.e., 1950-51, 1960-61, and 1970-71 in each state of India, 
Considering the relationship between the output of food grains and related inputs like, 
the application of fertilizer, proportion of area sovm more than once, and gross 
irrigated area. 
Nangia et al. (1977) conducted a field study in the village of Khandewala, of 
Haryana state. The study takes into account the productivity levels at different fields 
of the village in terms of money value during 1974-75 and a number of factors 
enumerated in three broad categories, viz, environmental, technological and 
institutional which may be accounted for the productivity variations. 
Bhalla (1978) has considered output per person on constant average price for 
measuring productivity of labour in Indian agriculture in order to account for nineteen 
crops during the trienniums 1962-65 and 1970-73 for each district of the country 
(India). 
Singh (1979) devised a method of presenting a two dimensional picture of 
agricultural productivity comprising two components, viz, intensity and spread 
considering three variables: (i) yield (ii) grain equivalent, and (iii) cropping system in 
the districts of Andhra Pradesh state. According, a relative share of intensity and 
spread for each micro unit (district) has been computed to the macro unit (state) 
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five successive years (1985, 1986, 1987, 1988 and 1989) for 1985-89. The data has 
been collected from the published record of Directorate of Agricultural, U.P. 
Lucknow {Krishi Bhawan) and the Institute of State Planning {Jawahar Bhawari), 
Lucknow, U.P., for the years 1985-86 to 1999-2000. 
The following two methods adopted for the computation of agricultural 
productivity needs to be explained: 
1. Yang's 'Crop Yield Index' method 
Crop productivity variations were computed by applying 'Crop Yield Index' 
method devised by W.Y. Yang (1965). This method considers the yield of all crops on 
a farm compared with the average of crop yield of region. Before calculating the crop 
yield index, the average yield of each of the crops grown in the region were 
determined. Then by dividing the yield per hectare of the crop on the particular farm 
by the average yield of the crop in the region, a percentage was obtained which when 
Name of 
crop 
1 
Rice 
Wheat 
Maize 
Jowar 
Bajra 
Barley 
Table 4.1 
Methodology to Calculate the Crop Yield Index by Yang 
Yield (qnt. /ha.) 
Average 
yield in 
region 
2 
19.25 
25.28 
16.16 
11.24 
11.93 
23.61 
Yield in the 
district 
3 
17.83 
27.47 
17.64 
7.25 
12.62 
27.23 
Area (ha.) of crop 
in district 
4 
12450 
230401 
44028 
629 
89849 
37793 
415150 
Crop Yield in 
district as 
%ageof the 
region 
[(Col.3 / 
Col.2)xl00] 
5 
92.62 
108.66 
109.15 
64.50 
105.78 
115.33 
Percentage 
multiplied by 
area in ha. 
Col. 4 X Col. 5 
6 
1153119.0 
25035372.66 
4805656.20 
40570.50 
9504227.22 
4358666.69 
44897612.27 
computation of crop yield index for the district of 
Aligarh 
44897612.27 
415150 
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= 108.15 per cent 
multiplied by 100, gives the index number. By using the area devoted to each crop as 
a weight to multiply this percentage index, the products obtained were added the 
products thus the obtained were divided by the sum of the products by the total crop 
hectares of the farm and (using the crop area as the weight) the resultant average 
index is the desired index for the particular farm (Rehman, 2003). The procedure for 
calculating the crop yield index for Aligarh district during 1990-94 is explained in 
Table 4.1. 
2. Crop Productivity by Standard Nutrition Unit (SNU) availability per Hectare 
of Cropped Land 
This method of productivity measurement is suggested by Stamp (1958). The 
purpose of which is to convert total production of crops per hectare into calories and 
to establish the extent of relationship between the agricultural production i.e., the 
availability of agricultural output in terms of nutrition to support a number of persons 
per hectare of cropped land. Stamp, assumed 10,00,000 calories as the 'Standard 
Nutrition Unit'. Shafi (1967) applied this method on the basis of survey in some 
selected villages of eastern Uttar Pradesh. He put 8, 00,000 calories as the 'Standard 
Nutrition Unit' for India. Food supporting capacity is calculated by measuring total 
production per hectare of various crops in terms of calories per unit of land and by 
comparing total yield of calories with its standard annual requirement per person. 
These were added together and divided by the number of crops considered. The resuk 
thus obtained revealed the output of calories per hectare. The method can be written 
in the algebraic form as follows: 
1 IP(I) X Calo. (I) 
— ( ) 
N ZA(I) X 8,00,000 
Where, 
P(I) = total production ofthe respective crop in the unit area, 
A(I) = area under the crop in the unit, 
Calo(I) = caloric value ofthe crop concerned, and 
N = number of the crops. 
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In order to delineate the agricultural productivity regions in Ganga-Yamuna 
Doab, the crop productivity indices were computed for three distinct periods (1985-
89, 1990-94 and 1995-99) with the application of the above two productivity 
evaluation methods and the productivity indices for all the districts are shown in 
different tables. The districts were classified into three distinct categories according to 
variations from mean value of the productivity index. The following procedure was 
adopted to determine the range of classes: 
Category Range of Index 
H X+0.5 SD and above 
M X+0.5 SD to X -0.5 SD 
L X-0.5 SD and below 
Agricultural Productivity Regions: Based on Yang's 'Crop Yield Index' Method 
For calculating agricultural productivity index, all the major crops of the area 
were considered and grouped into as : (a) cereal crops to include rice, wheat, maize, 
barley, jo war and bajra, (b) pulse crops to include gram, peas, pigeon-peas, blackgram 
(urd), green gram (moong), and lentil (masoor) (c) oilseeds to include mustard, 
linseed, groundnut, sesamum (till) and sunflower and lastly (d) cash crops to include 
sugarcane and potato. 
(a) Productivity Regions: Based on Cereal Crops Yield Index-1985-89 
Cereals acquire very important position in agricultural economy of Ganga-
Yamuna Doab. These crops occupied an area of 4736 thousand ha. (71.23 per cent) 
of the total cropped land. Among the cereals, rice and wheat are the most important 
crops grown in the region, which together occupy 48.68 per cent of the total cropped 
area. The district-wise productivity indices place the district of Muzaffamagar at the 
top with an index value of 118.39 per cent, whereas, the district of Allahabad has the 
lowest index value of 78.66 per cent during 1985-89 (Table 4.2). 
It is evident from Fig. 4.1 that during 1985-89, high productivity with an index 
value above 105.74 was computed for seven districts of Doab, six out of them, 
namely, Saharanpur, Muzaffamagar, Meerut, Ghaziabad, Bulandshahr and Aligarh 
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form a compact block in upper Doab and the one district of Firozabad form the part of 
central Doab. 
Table 4.2 
Crop Yield Index Computed on the Basis of Yang's Method in the 
Districts of Ganga-Yamuna Doab-1985-89 
District / Crop 
Saharanpur 
Muzaffarnagar 
Meerut 
Ghaziabad 
Bulandshahr 
Aligarh 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Etawah 
Kanpur Nagar(urban) 
Kanpur Dehat(rural) 
Fatehpur 
Allahabad 
Source: Dataobtainec 
Cereal 
Crops 
107.02 
118.39 
106.35 
106.93 
113.84 
109.22 
90.35 
96.71 
107.97 
94.88 
98.82 • 
101.52 
102.93 
98.66 
97.07 
84.61 
78.86 
from the Direc 
Pulse Crops 
105.89 
108.50 
102.83 
102.12 
97.69 
97.13 
79.17 
93.24 
110.35 
106.21 
108.13 
98.60 
103.21 
104.07 
115.70 
94.57 
92.10 
torateof Agricu 
Oilseed 
Crops 
82.33 
88.79 
88.06 
86.85 
87.21 
96.22 
112.06 
115.47 
114.86 
78.32 
90.87 
97.81 
90.90 
89.52 
93.42 
67.48 
57.73 
Cash 
Crops 
104.14 
107.85 
98.96 
96.99 
99.45 
84.55 
85.12 
84.20 
101.04 
91.00 
88.02 
120.49 
86.19 
79.00 
90.87 
81.64 
80.91 
tare, U.P., Lucknow. 
The districts falling in the range of 95.92 to 105.74 of productivity index are 
classified into the region of medium productivity. It is clear from Table 4.3 that there 
are six districts which show medium level of productivity and almost form a 
contiguous belt excluding the district of Firozabad and Mainpuri in central part of 
Doab. These districts are Agra, Etah, Farrukhabad, Etawah, Kanpur Nagar (urban) 
and Kanpur Dehat (rural). 
The low productivity region comprises four districts with an index value of 
below 95.92. The districts of Mathura and Mainpuri form two separate small pockets 
in central Doab, while Fatehpur and Allahabad districts form a unit in lower Doab. 
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Table 4.3 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
7 
6 
4 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerut, Bulandshahr, 
Ghaziabad, Aligarh and Firozabad. 
Agra, Etah, Farrukhabad, Etawah, Kanpur Nagar (urban) 
and Kanpur Dehat (rural). 
Mathura, Mainpuri, Fatehpur and Allahabad. 
(b) Productivity Regions: Based on Pulse Crops Yield Index-1985-89 
Pulses are the other important crops grown in the region and covered an area 
of 732 thousand ha. (11.02 per cent) of total cropped area. The district-wise 
productivity shows that the highest productivity index value of 115.70 per cent 
recorded by the district of Kanpur Dehat (rural), while the lowest value (57.73) 
accounted for the district of Allahabad (Table 4.2). It may be seen from Table 4.3 that 
high productivity region of pulses is confined in six districts with an index value 
above 105.30.These districts are Saharanpur and Muzaffamagar in upper Doab; 
Firozabad, Mainpuri, Etah ,Kanpur Dehat (rural) in Central Doab. 
Table 4.4 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
6 
7 
4 
Name of the Districts 
Saharanpur, Muzaffamagar, Firozabad, Mainpuri, Etah 
and Kanpur Dehat (rural). 
Meemt, Ghaziabad, Bulandshahr, Aligarh, Farrukhabad, 
Etawah and Kanpur Nagar (urban). 
Mathura, Agra, Fatehpur and Allahabad. 
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The medium productivity ranges from 97.0 to 105.30 and comprise seven 
districts. The districts of Meerut, Ghaziabad, Bulandshahr and Aligarh form a 
compact zone in upper part of Doab. The other three districts, namely, Farrukhabad, 
Etawah and Kanpur Nagar (urban) in central Doab have been included in this 
category. However, low productivity is mainly found in four districts with an index 
value of 97.0 and below. These districts form two distinct blocks in region, Mathura 
and Agra in central Doab, while Fatehpur and Allahabad in lower Doab (Fig.4.2). 
(c) Productivity Regions: Based on Oilsieed Crops Yield Index-1985-89 
Cultivation of oilseeds constitutes an important position in the agricultural 
economy of Doab. It occupied 389 thousand ha. which accounted for 5.85 per cent of 
the total cropped area. The Agra district shows the highest index value of 115.47 per 
cent and the lowest value of 57.73 per cent is assigned to Allahabad district. Fig.4.3 
shows that four districts namely, Mathura, Agra, Firozabad and Farrukhabad included 
under the category of high productivity. The productivity index for this category has 
been accounted for 97.80 and above. These districts form two different blocks in 
central Doab. 
Table 4.5 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
4 
9 
4 
Name of the Districts 
Mathura, Agra, Firozabad and Farrukhabad. 
Muzaffamagar, Meerut, Ghaziabad, Bulandshahr, 
Aligarh, Etah, Etawah, Kanpur Nagar (urban) and 
Kanpur Dehat (rural). 
Saharanpur, Mainpuri, Fatehpur and Allahabad. 
The districts in central and upper Doab form two separate blocks of medium 
productivity. The productivity indices for these districts range between 83.209 and 
97.80. The first block includes the districts of Muzaffamagar, Meerut, Ghaziabad, 
Bulandshahr, Aligarh and Etah. While the districts of Etawah, Kanpur Dehat (rural) 
and Kanpur Nagar (urban) form the second block of medium productivity. The 
districts of Saharanpur, Mainpuri, Fatehpur and Allahabad have low productivity with 
an index value of below 83.20. 
GANGA-YAMUNA DOAB 
CROP PRODUCTIVITY REGIONS 
1985-89 
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Fig. 4.3 
142 
(e) Productivity Regions: Based on Cereal Crops Yield Index-1990-94 
During 1990-94, cereals occupied an area of 4705 thousand ha. (71.26 per 
cent) of the total cropped area. Rice and wheat were the major crops, which together 
covered an area of 51.66 per cent of total cultivated area. During this period, the 
highest productivity index was possessed by the district of Meerut (135.07 per cent) 
and the lowest index value of 86.20 per cent for the district of Allahabad (Table 4.7). 
It is clear from Table 4.8 that high productivity comprises seven districts with 
an index value above 116.69. Five districts in upper Doab, namely, Saharanpur, 
Muzaffamagar, Meerut, Ghaziabad and Bulandshahr form a composite block and 
Mathura and Agra districts form a part of central Doab. Medium productivity ranges 
between the index value of 103.65 and 116.69 and comprises five districts, namely, 
Aligarh, Firozabad, Mainpuri, Etawah and Kanpur Dehat (rural). 
Table 4.7 
Crop Yield Index Computed on the basis of Yang's Method in the 
Districts of Ganga-Yamuna Doab -1990-94 
District / Crop 1 
Saharanpur 
Muzaffamagar 
Meerut 
Ghaziabad 
Bulandshahr 
Aligarh 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Etawah 
Kanpur Nagar(iirban) 
Kanpur Dehat(rural) 
Fatehpur 
Allahabad 
Source: Data obtained 
Cereal 1 
Crops 
121.00 
120.16 
135.07 
118.69 
122.46 
108.15 
122.71 
119.99 
104.06 
115.81 
97.79 
102.47 
107.23 
98.14 
106.28 
86.73 
86.20 
Jirom the Dire( 
Pulse 
Crops 
109.06 
102.16 
92.03 
94.99 
80.52 
86.04 
83.57 
106.91 
91.65 
95.65 
99.69 
86.59 
107.07 
102.45 
115.59 
105.17 
102.30 
Jtorateof Agri 
Oilseed 
Crops 
83.34 
97.73 
97.73 
99.90 
96.55 
92.02 
100.39 
112.70 
102.07 
87.80 
92.03 
96.26 
107.09 
96.46 
95.15 
71.06 
48.13 
culture, U.P., L 
Cash 
Crops 
104.26 
105.54 
101.58 
101.62 
104.49 
94.66 
92.08 
113.30 
110.92 
105.41 
83.27 
97.12 
83.28 
83.22 
87.39 
75.42 
85.25 
ucknow. 
Low productivity is characterized with index value below 103.65. This 
category comprises five districts, which form a contiguous pocket in north- eastern 
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and eastern part of Doab. These districts are: Etah, Farrukhabad, Kanpur Nagar 
(urban), Fatehpur and Allahabad (Fig.4.5). 
Table 4.8 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
7 
5 
5 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerut, Ghaziabad, 
Bulandshahr, Mathura and Agra. 
Aligarh, Firozabad, Mainpuri, Etawah, and Kanpur 
Dehat (urban). 
Etah, Farrukhabad, Kanpur Nagar (urban), Fatehpur and 
Allahabad. 
(f) Productivity Regions: Based on Pulse Crops Yield Index-1990-94 
Pulses are the third important crop which is next to cereals and cash crops. 
They covered an area of about 556 thousand ha. (8.41 per cent) of total cropped area. 
The district-wise productivity shows that the highest productivity is occupied by the 
district of Kanpur Dehat (rural) with an index value of 115.59 per cent whereas, the 
district of Aligarh has the lowest value of 79.33 per cent during 1990-94 (Table 4.7). 
Table 4.9 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
5 
6 
6 
Name of the Districts 
Saharanpur, Agra, Etawah, Kanpur Dehat (rural) and 
Fatehpur. 
Muzaffamagar, Ghaziabad, Mainpuri, Etah, Kanpur Nagar 
(urban) and Allahabad. 
Meerut, Bulandshahr, Aligarh, Mathura, Firozabad and 
Farrukhabad. 
Fig.4.6 shows that the concentration of high productivity in pulses is mainly 
confined in the districts of central Doab. The highest productivity region with an 
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index value above 102.55 and includes five districts of Saharanpur in upper Doab, 
Agra, Etawah and Kanpur Dehat (rural) in central part of Doab and the remaining 
district of Fatehpur in lower part of Doab. 
It can be seen from Table 4.9 that medium productivity region comprises six 
districts of Doab with indices of 92.91 to 102.55. The districts of Muzaffamagar, and 
Ghaziabad in upper Doab, Etah, Mainpuri, Kanpur Nagar (urban) in central Doab and 
Allahabad in lower part of Doab. The low productivity accounted for an index value 
below 92.91 and includes six districts, three districts, namely, Meerut, Bulandshahr 
and Aligarh are in upper Doab and the remaining districts of Mathura, Firozabad, and 
Farrukhabad in central Doab. 
(g) Productivity Regions: Based on Oilseed Crops Yield Index- 1990-94 
Oilseeds are next important crop grown in region. The area under these crops 
accounted for 534 thousand ha. (8.09 per cent) of total cropped area. The highest 
index value 112.70 is assigned to Agra district and the lowest value (48.13 per cent) is 
computed for the district of Allahabad. It is evident from Fig.4.7 that high 
productivity region includes five districts which have an index value of above 99.87. 
These districts are Ghaziabad in upper Doab and the other four districts of Mathura, 
Agra, Firozabad and Etawah form a compact block in central Doab. 
Table 4.10 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
5 
9 
3 
Name of the Districts 
Ghaziabad, Mathura, Agra, Firozabad and Etawah. 
Muzaffamagar, Meerut, Bulandshahr, Aligarh, 
Mainpuri, Etah, Farrukhabad, Kanpur Nagar (urban), 
and Kanpur Dehat (rural). 
Saharanpur, Fatehpur and Allahabad. 
It can be seen from Table 4.10 that medium productivity region consists of 
nine districts. The medium productivity indices lies between 85.58 and 99.87 and the 
districts under this category form two blocks. The districts of Muzaffamagar and 
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Meerut form a block in upper Doab and second block includes the districts of 
Bulandshahr, Aligarh, Mainpuri, Etah, Farrukhabad, Kanpur Nagar (urban) and 
Kanpur Dehat (rural). Similarly, low productivity region comprises four districts, 
namely, Saharanpur, Fatehpur and Allahabad, which posses an index value below 
85.58. 
(h) Productivity Regions: Based on Cash Crops Yield Index-1990-94 
Cuhivation of cash crops may be regarded as the second ranking crop which 
constitutes an important share in agricultural economy, particularly in upper Doab. It 
covers an area of about 809 thousand ha. (12.24 per cent) of total cropped area. 
During this period, the highest and lowest productivity index values for the districts of 
Agra (113.30 per cent) and Fatehpur (75.42 per cent). 
Table 4.11 shows that high productivity region comprises eight districts with 
an index value above 101.26. This region consists of the districts of Saharanpur, 
Muzaffamagar, Meerut, Ghaziabad and Bulandshahr in the upper Doab, Agra, 
Firozabad and Mainpuri in central Doab. These districts form two blocks in upper and 
central part of Doab. 
Table 4.11 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
8 
3 
6 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerut, Ghaziabad, 
Bulandshahr, Agra, Firozabad and Mainpuri. 
Aligarh, Mathura and Farrukhabad. 
Etah, Etawah, Kanpur Nagar (urban), Kanpur Dehat 
(rural), Fatehpur and Allahabad. 
Three districts exhibiting a level of medium agricultural productivity between 
90.36 and 101.26 per cent. These districts are Aligarh, Mathura and Farrukhabad. It 
may be seen from Fig.4.8 that six districts show low level of productivity which is 
below 90.36. The major concentration of low productivity is seen in lower part of 
Doab to include the districts of Etawah, Kanpur Dehat (rural), Kanpur Nagar (urban), 
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Fatehpur and Allahabad. Low productivity level is also found in the district of Etah in 
central Doab. 
(i) Productivity Regions: Based on Cereal Crops Yield Index-1995-99 
During 1995-99, six new districts were included in study. These newly created 
districts are, Baghpat, Gautambudha Nagar, Hathras, Kannauj, Auraiya and 
Kaushambi. Cereals covers an area of 4654 thousand ha. (72.17 per cent) of total 
cropped area during corresponding period. The district-wise index shows that the 
highest productivity index value of 125.93 was achieved by the district of 
Muzaffamagar, while the lowest value of 73.91 has been recorded for Kaushambi 
district (Table 4.12). 
Table 4.12 
Crop Yield Index Computed on the basis of Yang's Method in the 
Districts of Ganga-Yamuna Doab -1995-99 
District / Crop 
Saharanpur 
Muzaffamagar 
Meerut 
Baghpat 
Ghaziabad 
Gautambudha Nagar 
Bulandshahr 
Aligarh 
Hathras 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Kaimauj 
Etawah 
Auraiya 
Kanpur Nagar(urban) 
Kanpur Dehat(rural) 
Fatehpur 
Kaushambi 
Allahabad 
Cereal 
Crops 
108.61 
119.93 
113.98 
112.45 
105.96 
104.11 
110.22 
103.12 
103.73 
101.29 
109.04 
100.14 
94.90 
97.68 
105.73 
108.03 
102.11 
105.75 
96.99 
99.48 
81.16 
73.91 
78.43 
Pulse 
Crops 
108.03 
100.99 
106.68 
69.93 
65.74 
52.56 
60.35 
79.33 
65.26 
66.26 
114.93 
85.87 
84.54 
88.23 
96.99 
102.46 
113.04 
116.37 
112.82 
112.83 
102.66 
101.69 
96.01 
Oilseed 
Crops 
90.44 
89.38 
98.55 
99.13 
98.55 
100.48 
78.57 
107.04 
88.61 
91.31 
116.89 
100.97 
85.52 
89.96 
94.40 
86.49 
109.36 
93.72 
75.77 
97.49 
62.07 
43.15 
51.93 
Cash 
Crops 
100.34 
104.33 
100.27 
102.82 
99.08 
96.67 
99.52 
95.48 
101.23 
93.51 
120.17 
105.12 
86.93 
79.86 
96.57 
59.29 
89.82 
92.76 
78.81 
90.86 
79.72 
64.04 
80.42 
Source: Data obtained from the Directorate of Agriculture, U.P., Lucknow. 
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Table 4.13 shows that all those district which show indices above 107.28 are 
included in high productivity region. There are seven districts, namely, Saharanpur, 
Muzaffamagar, Baghpat, Meerut and Bulandshahr in upper Doab, Agra and Kannauj 
in central part of Doab. These districts form four isolated pockets in the region. 
The districts falling in the range of 96.36 to 107.28 of productivity indices are 
classified into the region of medium productivity. There are twelve districts which 
show this level of productivity and ten of them almost form a contiguous unit 
excluding the Mainpuri and Kannauj districts in central part of Doab (Fig.4.9). The 
remaining two districts of Ghaziabad and Gautambudha Nagar form an isolated 
pocket in upper Doab. The districts having the index value below 96.36 constitute the 
region of low productivity. This productivity index includes four districts, namely, 
Mainpuri (in central Doab), Fatehpur, Kaushambi and Allahabad (in lower Doab). 
Table 4.13 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
7 
12 
4 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerut, Baghpat, 
Bulandshahr, Agra and Kannauj. 
Ghaziabad, Gautambudha Nagar, Aligarh, Hathras, 
Mathura, Firozabad, Etah, Farrukhabad, Etawah, 
Auraiya, Kanpur Nagar (urban) and Kanpur Dehat 
(rural). 
Mainpuri, Fatehpur, Kaushambi and Allahabad. 
(j) Productivity Regions: Based on Pulse Crops Yield Index-1995-99 
The area under pulse crops accounted for 460 thousand ha. (7.13 per cent) of 
total cultivated area during 1995-99. The district-wise value of indices have been 
recorded as 116.37(as maximum) and 52.56(as minimum) per cent for the districts of 
Auraiya and Gautambudha Nagar respectively. It will be seen from Table 4.14 that 
the high productivity region of pulses consists of eleven districts of Ganga-Yamuna 
Doab, which show an index value above 101.19. The districts of Saharanpur and 
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Meerut form two isolated small pockets in upper Doab. The remaining eight districts 
of Agra, Etawah, Kannauj, Auraiya, Kanpur Dehat (rural), Kanpvir Nagar (urban), 
Fatehpur and Kaushambi form a compact unit in central and lower parts of Doab. 
Table 4.14 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
10 
6 
7 
Name of the Districts 
Saharanpur, Meerut, Agra, Kannauj, Etawah, 
Auraiya, Kanpur Nagar (urban), Kanpur Dehat 
(rural), Fatehpur and Kaushambi. 
Muzaffamagar, Firozabad, Mainpuri, Etah, 
Farrukhabad and Allahabad. 
Baghpat, Ghaziabad, Bulandshahr, Gautambudha 
Nagar, Aligarh, Hathras and Mathura. 
The districts which show a range of variation of productivity index value 
between 81.73 and 101.19 are included in medium productivity region. This category 
comprises six districts, namely, Muzaffamagar in upper Doab, Firozabad, Mainpuri, 
Etah and Farrukhabad in central Doab and Allahabad in lower part of Doab 
(Fig.4.10). The low productivity has an index value below 81.78 and consists of seven 
districts, which form a compact block in the region. These districts are Baghpat, 
Ghaziabad, Bulandshahr, Gautambudha Nagar and Aligarh in upper Doab, Hathras 
and Mathura in central Doab. 
(k) Productivity Regions: Based on Oilseed Crops Yield Index-1995-99 
Oilseeds covered an area of 470 thousands ha. (7.29 per cent) of total cropped 
area. During 1995-99, Agra district recorded the highest productivity index value of 
116.89, and the lowest index value of 43.15 has been computed for Kaushambi 
district (Table 4.12). The region of high productivity includes eight districts with the 
index value above 97.66. These districts show three zonal concentrations: two lying in 
upper Doab and comprises the districts of Baghpat, Meerut, Ghaziabad, Gautambudha 
Nagar and Aligarh. The other zone includes the districts of Agra, Firozabad and 
Etawah in central Doab (Fig.4.11). 
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Table 4,15 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
8 
10 
5 
Name of the Districts 
Baghpat, Meerut, Ghaziabad, Gautambudha Nagar, 
Aligarh, Agra, Firozabad and Etawah. 
Saharanpur, Muzaffamagar, Hathras, Mathura, Etah, 
Mainpuri, Farrukhabad, Kannauj, Auraiya, and 
Kanpur Dehat (rural). 
Bulandshahr, Kanpur Nagar (urban), Fatehpur, 
Kaushambi and Allahabad. 
The districts falling in the range of 80.58 to 97.66 of productivity indices are 
classified into the region of medium productivity. Table 4.15 shows that there are ten 
districts which show this level of productivity and nine of them form a contiguous 
unit. This unit includes the districts of Mathura, Hathras, Etah, Mainpuri, 
Farrukhabad, Kannauj, Auraiya and Kanpur Dehat (rural). The remaining two districts 
of Saharanpur and Muzaffamagar form a small pocket in upper Doab. 
Five districts lie below the index value of 80.58 and constitute the region of 
low productivity. This region of low productivity is mainly concentrated in lower 
Doab and includes the districts of Kanpur Nagar (urban), Fatehpur, Kaushambi and 
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Allahabad. Besides this, the district of Bulandshahr in upper Doab also shows the 
region of low level of agricultural productivity. 
(1) Productivity Regions: Based on Cash Crops Yield Index-1995-99 
Cash crops covered an area of 865 thousand ha. (13.41 per cent) of the gross 
cropped area in the region during corresponding period. The district-wise productivity 
index shows that the highest productivity index (122.27 per cent) is occupied by the 
district of Agra, while the lowest index of 59.29 accounted for Kannauj district (Table 
4.12). 
Table 4.16 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
9 
8 
6 
Name of the Districts 
Saharanpur, Muzaffamagar, Baghpat, Meerut, 
Ghaziabad, Bulandshahr, Hathras, Agra and 
Firozabad. 
Gautambudha Nagar, Aligarh, Mathura, Mainpuri, 
Farrukhabad, Etawah, Auraiya and Kanpur Dehat 
(rural). 
Etah, Karmauj, Kanpur Nagar (urban), Fatehpur, 
Kaushambi and Allahabad. 
It is evident from Table 4.16 that this category of high productivity region 
shows the indices above 98.80 and includes nine districts, which form two compact 
blocks. The first block comprises six districts, namely, Saharanpur, Muzaffamagar, 
Baghpat, Meerut, Ghaziabad and Bulandshahr in upper Doab. The district of Hathras, 
Agra and Firozabad form the second block in central part of Doab. The medium 
productivity level varies between 85.37 and 98.74. This region includes eight districts 
and five of them, are namely, Farrukhabad, Mainpuri, Etawah, Auraiya and Kanpur 
Dehat (rural) form a block in central Doab. The remaining districts are Gautambudha 
Nagar, Aligarh and Mathura. 
Table 4.16 shows that low level of productivity which is below 85.37 per cent. 
The major concentration of low productivity is observed in lower part of Doab to 
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include the districts of Kannauj, Kanpur Nagar (urban), Fatehpur, Kaushambi and 
Allahabad. In addition to this, the district of Etah is also charaterised with low 
productivity. 
Agricultural Productivity Regions: Based on SNU Output per Hectare 
To measure the productivity index of calories, all the crops grown in the 
region were grouped into (a) Cereal crops-rice, wheat, maize, barley, jowar and bajra; 
(b) Pulse crops-gram, peas, pigeon-peas, blackgram (urd), green gram (moong) and 
lentil (masoor); (c) Oilseed crops-mustard, linseed, groundnut, seasmum and 
sunflower; (d) Sugarcane and (e) potato. 
(a) Productivity Regions: Based on SNU output (Cereals) Output per Hectare-
1985-89 
The district-wise productivity indices which have been calculated by 'SNU 
output per hectare' method show that during 1985-89, the highest productivity index 
is occupied by the district of Muzaffamagar with an index value of 7.30 SNU per ha., 
whereas the Allahabad district has the lowest value of 5.13 SNU per hectare (Table 
4.17). It can be seen from fig.4.13 that the high productivity region consists of six 
districts, which show an index value above 6.64. The districts of Saharanpur, 
Muzaffamagar, Meerut, Ghaziabad and Bulandshahr form a compact block in upper 
Doab and the district of Firozabad form the another small block of high productivity 
in central part of Doab. 
The districts falling in the range of 6.08 to 6.64 of productivity index are 
classified into the region of medium productivity. Table 4.18 shows that there are six 
districts which show this level of productivity and form a contiguous block in 
central part of Doab. These districts are Aligarh, Etah, Farrukhabad, Etawah, Kanpur 
Nagar (urban), and Kanpur Dehat (rural). The districts lying with the index value 
below 6.08 per hectare constitute a region of low productivity. This region is 
confined in central and lower part of Doab and form two blocks. Fig.4.13 shows 
that the districts of Mathura and Agra form an isolated pocket of low productivity in 
central Doab. The second block includes districts of Fatehpur and Allahabad in lower 
Doab. 
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Table 4.17 
Crop Productivity Index Computed on basis of SNU Output per Hectare 
in the Districts of Ganga-Yamuna Doab -1985-89 
District / Crop 
Saharanpur 
Muzaffamagar 
Meerut 
Ghaziabad 
Bulandshahr 
Aligarh 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Etawah 
Kanpur Nagar(iirban) 
Kanpur Dehat(rural) 
Fatehpur 
Allahabad 
Source: Dataobtaine< 
Cereal 
Crops 
6.80 
7.30 
6.67 
7.02 
6.70 
6.54 
5.78 
6.04 
7.15 
5.94 
6.07 
6.22 
6.54 
6.30 
6.48 
5.54 
5.13 
from the ] 
Pulse 
Crops 
4.78 
4.98 
5.08 
5.32 
5.38 
4.94 
4.36 
5.52 
5.90 
5.20 
5.07 
5.83 
6.08 
7.02 
7.56 
6.28 
5.67 
Directorate 
Oilseed 
Crops 
2.30 
2.48 
2.46 
2.43 
2.42 
2.69 
3.13 
3.23 
3.21 
2.19 
2.54 
2.73 
2.54 
2.50 
2.61 
1.89 
1.61 
of Agricult 
Sugarcane 
270.34 
280.15 
255.30 
254.33 
245.83 
223.15 
199.79 
198.64 
199.22 
145.99 
235.78 
225.78 
173.37 
197.45 
258.08 
215.77 
129.56 
Potato 
24.85 
24.75 
26.08 
25.36 
26.05 
18.69 
23.91 
24.82 
23.58 
21.85 
19.66 
29.54 
22.24 
19.00 
19.52 
17.88 
21.57 
lire, U.P., Lucknow. 
Table 4.18 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
6 
6 
5 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerut, Ghaziabad, 
Bulandshahr, and Firozabad. 
Aligarh, Etah, Farrukhabad, Etawah, Kanpur Nagar 
(urban) and Kanpur Dehat (rural). 
Mathuya, Agra, Mainpuri, Fatehpur and Allahabad. 
(b) Productivity Regions: Based on SNU(Pulses) Output per Hectare-1985-89 
The regional distribution of agricultural productivity shows a wide variation in 
the region. The agricultural productivity indices vary from minimum of 4.36 in 
Mathura district to maximum of 7.56 SNU per ha. in the district of Kanpur Dehat 
161 
GANGA-YAMUNA DOAB 
CROP PRODUCTIVITY REGIONS 
1985-89 
Ceieal Crops 
(Based on SNU per Hectare Method) 
HIGH 
MEDIUM 
LOW 
INDEX 
Above-157.74 
145.69-157.74 
Below-145.(59 
20 10 
Fig. 4.13 
162 
(rural). Table 4.19 shows that this category of high productivity comprises of four 
districts, where the range of variation for high productivity level is above 5.97. These 
districts are Etawah, Kanpur Nagar (urban), Kanpur Dehat (rural) and Fatehpur, 
which form a compact block in central and lower parts of Doab. 
The region of medium productivity comprises seven districts, with indices 
between 5.19 and 5.97 SNU per hectare. These districts constitute three different 
pockets of medium productivity. The first lies in upper Doab and includes the districts 
of Ghaziabad and Bulandshahr. The second pocket of this grade includes the districts 
of Agra, Firozabad, Mainpuri and Farrukhabad and the last comprises the district of 
Allahabad. The low productivity region is characterized with an index value below 
5.19 per hectare and includes six districts, which constitute two different pockets. 
Saharanpur, Muzaffamagar and Meerut districts in upper Doab, while, Aligarh, 
Mathura and Etah districts form another pocket. 
Table 4.19 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
4 
7 
6 
Name of the Districts 
Etawah, Kanpur Nagar (urban), Kanpur Dehat (rural) and 
Fatehpur. 
Ghaziabad, Bulandshahr, Agra, Firozabad, Mainpuri, 
Farrukhabad, andAllahabad. 
Saharanpur, Muzaffamagar, Meerut, Aligarh, Mathura 
and Etah. 
(c) Productivity Regions: Based on SNU (Oilseeds) Output per Hectare-1985-89 
During 1985-89, the regional distribution of agricultural productivity indices 
show that the highest index of 3.23 for the district of Agra and the lowest index value 
1.61 for the district of Allahabad (Table 4.14). It is evident from Table 4.20 that the 
high productivity region includes four districts which show an index value of 2.72 and 
above. The districts of Mathura, Agra, Firozabad and Farrukhabad form two isolated 
pockets of high productivity in central Doab. 
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Table-4.20 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
4 
9 
4 
Name of the Districts 
Mathura, Agra, Firozabad and Farrukhabad. 
Muzaffamagar, Meerut, Ghaziabad, Bulandshahr, 
Aligarh, Etah, Etawah, Kanpur Nagar (urban), and 
Kanpur Dehat (rural). 
Saharanpur, Mainpuri, Fatehpur and Allahabad. 
Fig.4.15 shows that the districts which have a range of variation of medium 
productivity index value between 2.32 and 2.72 are included in this region. It is 
interesting to note that nine districts are recognized under this category and form a 
long contiguous block in upper and central Doab excluding Mainpuri district. These 
districts are Muzaffamagar, Meerut, Ghaziabad, Bulandshahr, Aligarh, Etah, Etawah, 
Kanpur Nagar (urban) and Kanpur Dehat (rural). Three districts of Saharanpur in 
upper Doab, Fatehpur and Allahabad in lower Doab also included in the category of 
low productivity region. These districts show an index value below 2.32 SNU per 
hectare. 
(d) Productivity Regions: Based on SNU (Sugar Cane) Output per Hectare-
1985-89 
The district of Muzaffamagar recorded the highest productivity index of 
280.15 SNU per hectare, while Allahabad has the lowest value of 129.66 during 1985-
89 (Table 4.17). It will be seen from Fig.4.16 that high productivity region has an 
index value of above 238.61 and comprises five districts. The districts of Saharanpur, 
Muzaffamagar, Meertut and Bulandshahr constitute a block, excluding Ghaziabad in 
upper Doab and the districts of Kanpur Dehat (rural) also form a pocket of same grade 
in lower Doab. 
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Table 4.21 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
5 
8 
4 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerut, Bulandshahr, 
and Kanpur Dehat (rural). 
Ghaziabad, Aligarh, Matura, Agra, Firozabad, Etah, 
Farrukhabad and Fatehpur. 
Mainpuri, Etawah, Kanpur Nagar (urban), and 
Allahabad. 
The districts lying in medium productivity have index value between 197.62 and 
238.61 and comprise eight districts (Table 4.21). The major concentration of medium 
productivity is found in the central part of Doab and the districts of Aligarh, Mathura, 
Agra, Firozabad, Etah and Farrukhabad form a composite zone of medium 
productivity. The district of Ghaziabad in upper Doab and Fatehpvir in lower Doab 
also show the medium productivity. The low productivity region includes four 
districts, with an index below 197.62. These districts are namely, Mainpuri, Etawah, 
Kanpur Nagar (urban) and Allahabad. 
(e) Productivity Regions: Based on SNU (Potato) Output per Hectare -1985-89 
During the corresponding period, the highest and the lowest indices have been 
computed as 26.08 and 17.88 SNU per hectare for the districts of Meerut and 
Fatehpur respectively. Table 4.22 shows that high productivity region registered seven 
districts with an index value of above 24.47. Five out of them, namely, Saharanpur, 
Muzaffamagar, Meerut, Ghaziabad and Bulandshahr form a joint block in upper Doab 
and the remaining districts of Agra and Farrukhabad constitute two another isolated 
blocks in central Doab. 
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Table 4.22 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
7 
5 
5 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerut, Ghaziabad, 
Bulandshahr, Agra and Farrukhabad. 
Mathura, Firozabad, Mainpuri, Etawah and Allahabad. 
Aligarh, Etah, Kanpur Nagar (urban), Kanpur Dehat (rural) 
and Fatehpur. 
The medium productivity indices range between 21.31 and 24.47 per ha. Five 
districts in this region have been included and these districts form three different 
blocks. The districts of Mathura, Firozabad, Mainpur and Etawah in central Doab and 
Allahabad in lower Doab. Four districts show low level of productivity which is 
below 21.32 SNU per hectare. It is observed that Aligarh and Etah districts constitute 
a small pocket of low productivity. In addition to this, low productivity is also found 
in the districts of Kanpur Nagar (urban) Kanpur Dehat (rural) and Fatehpur. 
(f) Productivity Regions: Based on SNU (Cereals) Output per Hectare-1990-94 
In 1990-94, the district-wise productivity shows that the highest productivity 
(8.41 per ha.) is computed for the district of Muzaffamagar, while the Allahabad 
district recorded the lowest (6.44 per ha.) productivity index. Table 4.24 shows that 
this category of high productivity comprises six districts which have indices above 
7.95. The districts constituting the region of high productivity are namely, 
Saharanpur, Muzaffamagar, Meemt, Ghaziabad and Bulandshahr in upper Doab, 
Mainpuri in central Doab. The region of medium productivity includes five districts, 
where the range of variation for this category varies between 7.40 and 7.95. These 
districts form two zones of medium productivity. The first one includes the 
districts of Aligarh, Mathura and Agra and latter was formed by the districts of 
Etawah and Kanpur Dehat (rural). The low productivity region is large and comprises 
six districts. The districts of Firozabad, Etah, Farmkhabad, Kanpur Nagar (urban), 
Fatehpur and Allahabad constitute a region of low productivity (Fig.4.18). 
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Table 4.23 
Crop Productivity Index Computed on basis of SNU Output per Hectare 
in the Districts of Ganga-Yamuna Doab -1990-94 
District / Crop 
Saharanpur 
Muzaffamagar 
Meerut 
Ghaziabad 
Bulandshahr 
Aligarh 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Etawah 
Kanpur Nagar(urban) 
Kanpur Dehat(mral) 
Fatehpur 
Allahabad 
Cereal 
Crops 
8.03 
8.22 
8.32 
8.41 
8.40 
7.88 
7.91 
7.97 
7.26 
8.02 
7.10 
7.23 
7.71 
7.13 
7.72 
6.44 
6.92 
Pulse 
Crops 
5.77 
5.63 
5.65 
4.78 
5.69 
5.24 
5.27 
6.18 
5.11 
5.39 
5.55 
5.53 
6.13 
6.34 
6.85 
5.45 
5.41 
Oilseed 
Crops 
3.41 
3.38 
3.38 
3.34 
3.46 
3.18 
3.47 
3.90 
3.53 
3.03 
3.18 
3.33 
3.71 
3.34 
3.29 
2.46 
1.67 
Sugarcane 
314.70 
318.71 
299.03 
315.47 
304.67 
286.38 
258.13 
245.69 
242.15 
156.49 
275.07 
268.44 
205.45 
222.48 
248.30 
240.98 
217.22 
Potato 
28.24 
26.47 
26.95 
25.36 
26.34 
22.91 
25.92 
28.15 
27.46 
26.32 
18.16 
23.77 
21.52 
23.01 
22.06 
16.43 
21.62 
Source: Data obtained from the Directorate of Agriculture, U.P., Lucknow. 
Table 4.24 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
6 
5 
6 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerut, Ghaziabad, 
Buland Shahr, and Mainpuri. 
Aligarh, Mathura, Agra, Etawah and Kanpur 
Dehat (rural) 
Firozabad, Etah, Farrukhabad, Kanpur Nagar 
(urban), Fatehpur and Allahabad. 
(g) Productivity Regions: Based on SNU (Pulses) Output per Hectare -1990-94. 
Among the districts, the maximum and minimum index value of 6.85 and 4.78 
per hectare has been recorded in the districts of Kanpur Dehat (rural) and Bulandshahr 
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respectively. The region of high productivity includes four districts of Agra, Etawah, 
Kanpur Nagar (urban) and Kanpur Dehat (rural), which show the level of availability 
of SNU more than 5.88 per hectare. These districts form a unit in central Doab 
(Fig.4.19). 
Table 4.25 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of Districts 
4 
8 
5 
Name of the Districts 
Agra, Etawah, Kanpur Nagar (urban), and Kanpur 
Dehat (rural). 
Saharanpur, Muzafifamagar, Meerut, Ghaziabad, 
Etah, Farrukhabad, Fatehpur and Allahabad. 
Bulandshahar, Aligarh, Mathura, Firozabad and 
Mainpuri. 
It is evident from Table 4.25 that eight districts which show the indices range 
from 5.40 to 5.88 SNU are included in medium productivity region. These districts 
form three distinct zones which occur in upper, central and lower Doab. The upper 
zone includes the districts of Saharanpur, Muzaffamagar, Meerut, and Ghaziabad, the 
central zone constituted by Etah and Farrukhabad districts. The lower zone comprises 
the districts of Fatehpur and Allahabad. The low productivity region is formed by the 
districts of Bulandshahr, Aligarh, Mathura, Firozabad and Mainpuri. These districts 
show the output of 5.4 SNUs per hectare (Fig.4.19). 
(h) Productivity Regions: Based on SNU (Oilseeds) Output per Hectare-1990-94 
The district-wise productivity index shows that the highest index of 3.90 SNU 
per hectare has been recorded by Agra district, whereas the lowest value of 1.67 was 
computed for the Allahabad district. Fig.4.20 shows that four districts exhibit a level 
of productivity of above 3.47 SNU and form a contiguous belt of high productivity 
including the districts of Mathura, Agra, Firozabad and Etawah. 
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Table 4.26 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
4 
11 
2 
Name of the Districts 
Mathura, Agra, Firozabad and Etawah 
Saharanpur, Muzaffamagar, Meerut, Ghaziabad, 
Bulandshahr, Aligarh, Mainpuri, Etah, Farrukhabad, 
Kanpur Nagar (urban) and Kanpur Dehat (rural). 
Fatehpur and Allahabad. 
The medium productivity level is the largest region extending from Saharanpur 
district in upper Doab to Kanpur Nagar (urban) in central Doab and comprises eleven 
districts. These districts show a variation in their levels of productivity ranging from 
2.99 to 3.47 SNU per hectare. The low productivity region includes two districts, 
where SNU per hectare is below 299. These districts are namely, Fatehpur and 
Allahabad in lower Doab. 
(i) Productivity Regions: Based on SNU (Sugarcane) Output per Hectare-
1990-94 
The district-wise productivity shows that the highest productivity is occupied 
by Muzaffamagar district with an index value of 318.71 SNU per hectare, while 
Mainpuri district has the lowest index value of 156.49 in 1990-94 (Table 4.23). The 
whole of the upper Ganga-Yamuna Doab falls in the high productivity region. The 
level of productivity in the districts of upper Doab ranges above 281.64. These 
districts are Saharanpur, Muzaffamagar, Meerat, Ghaziabad, Bulandshahr and Aligarh 
(Table 4.27). 
The districts lying in medium productivity region have SNU between 238.27 
and 281.64 per hectare. The districts under this region are Mathura, Agra, Firozabad, 
Etah, Farmkhabad, Kanpur Dehat (rural) and Fatehpur. The region of low 
productivity comprises four districts, namely, Mainpuri, Etawah, Kanpur Nagar 
(urban) and Allahabad. These districts show the availability of SNU per hectare below 
238.27 (Fig.4.21). 
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Table 4.27 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of Districts 
6 
7 
4 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerut, Ghaziabad, 
Bulandshahr, and Aligarh. 
Mathura, Agra, Firozabad, Etah, Farmkhabad, 
Kanpur Dehat (rural) and Fatehpur. 
Mainpuri, Etawah, Kanpur Nagar (urban) and 
Allaliabad. 
(j) Productivity Regions: Based on SNU (Potato) Output per Hectare-1990-94 
It is evident from Table 4.23 that Saharanpur district recorded the highest 
index value of 24.24 per hectare and the lowest value of 16.43 was for the district of 
Fatehpur for the potato crop. Table 4.28 shows that high productivity region 
registered eight districts which show an index of above 25.82 per hectare. These 
districts form two isolated pockets. The districts of Saharanpur, Muzaffamagar, 
Meerut and Ghaziabad have been included in first pocket in upper Doab. The second 
comprises the districts of Mathura, Agra, Firozabad and Mainpuri in central Doab 
(Fig.4.22). 
Table 4.28 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
8 
4 
5 
Name of the Districts 
Saharanpur, Muzaffamagar, Meerat, Ghaziabad, 
Mathura, Agra, Firozabad and Mainpuri. 
Bulandshahr, Aligarh, Farmkhabad and Kanpur Nagar 
(urban). 
Etah, Etawah, Kanpur Dehat (rural), Fatehpur and 
Allahabad. 
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The districts falling in the range of 22.50 to 25.82 of productivity index are 
classified into the region of medium productivity. There are four districts, namely, 
Bulandshahr, Aligarh, Farrukhabad and Kanpur Nagar (urban), v^hich show the level 
of medium productivity and form two different pockets in upper and central Doab. 
Similarly, low productivity region comprises five districts, with an index value of 
below 22.50 SNU per hectare. These districts form three distinct units of low 
productivity, two units in central Doab and include the districts of Etah, Etawah and 
Kanpur Dehat (rural). The latter comprises Fatehpur and Allahabad districts. 
(k) Productivity Regions: Based on SNU (Cereals) Output per Hectare-1995-99 
During this period, the high productivity includes ten districts, which show the 
level of more than 8.85 SNU per hectare. There are three blocks of high productivity, 
Table 4.29 
Crop Productivity Index Computed on basis of SNU Output per Hectare 
in the Districts of Ganga-Yamuna Doab -1995-99 
District / Crop 
Saharanpur 
Muzaffamagar 
Meerut 
Baghpat 
Ghaziabad 
Gautambudha Nagar 
Bulandshahr 
Aligarh 
Hathras 
Mathura 
Agra 
Firozabad 
Mainpuri 
Etah 
Farrukhabad 
Kannauj 
Etawah 
Auraiya 
Kanpur Nagar(urban) 
Kanpur Dehat(rural) 
Fatehpur 
Kaushambi 
Allahabad 
Source: Data obtained fron 
Cereal 
Crops 
8.57 
8.93 
8.96 
8.55 
9.20 
7.97 
7.74 
8.57 
7.63 
8.25 
8.55 
8.41 
7.97 
8.07 
8.49 
8.83 
8.83 
8.75 
8.17 
8.29 
6.63 
6.62 
6.94 
a the Direct 
Pulse 
Crops 
4.01 
4.05 
4.04 
4.13 
4.10 
4.12 
3.94 
4.95 
4.58 
4.70 
6.36 
4.73 
4.80 
4.86 
5.62 
6.18 
6.18 
6.51 
9.95 
6.77 
5.90 
5.86 
5.10 
orate of Ag 
Oilseed 
Crops 
3.19 
3.15 
3.49 
3.47 
2.77 
3.47 
3.54 
3.77 
3.13 
3.39 
4.12 
3.56 
3.02 
3.18 
3.33 
3.05 
3.85 
3.30 
2.67 
3.44 
2.19 
1.52 
1.83 
riculture, I. 
Sugarcane 
310.46 
323.29 
317.61 
311.85 
306.49 
308.52 
300.92 
290.52 
280.41 
280.13 
253.38 
223.05 
271.04 
265.68 
261.70 
246.37 
252.57 
277.67 
233.14 
234.30 
255.68 
151.19 
21.63 
J.P., LucknoM 
Potatoes 
26.46 
26.40 
27.71 
27.23 
25.73 
27.79 
27.61 
29.58 
30.81 
30.22 
37.53 
31.96 
26.32 
22.18 
30.02 
17.84 
27.99 
28.53 
24.26 
31.72 
22.38 
22.71 
25.08 
f 
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two of them in upper Doab and consists of the districts of Saharanpur, Muzaffamagar, 
Baghpat, Meerut, Bulandshahr and AHgarh. The districts of Agra, Etawah, Auraiya, 
and Kannauj form another block in central Doab (Fig.4.23). 
Eight districts lying in medium productivity region and having SNU between 
7.86 and 8.55 per hectare. The districts of Firozabad, Mainpuri, Etah and Farrukhabad 
form a compact block in central Doab. Kanpur Nagar (urban) and Kanpur Dehat 
(rural) form a small pocket in the same region. The other districts of Ghaziabad and 
Mathura also show this level of productivity. It is clear from Table 4.29 that five 
districts fall in low category which shows an index value of below 7.86. The districts 
of Gautambudha Nagar, Hathras, Fatehpur and Allahabad composed a region of low 
productivity. 
Table 4.30 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
10 
8 
5 
Name of the Districts 
Saharanpur, Muzaffamagar, Baghpat, Meerut, 
Bulandshahr, Aligarh, Agra, Kaimauj, Etawah and 
Auraiya. 
Ghaziabad, Mathura, Firozabad, Mainpuri, Etah, 
Farrukhabad, Kanpur Nagar (urban), and Kanpur 
Dehat (rural). 
Gautambudha Nagar, Hathras, Fatehpur, Kaushambi 
and Allahabad. 
(I) Productivity Regions: Based on SNU (Pulses) Output per Hectare-1995-99 
Fig.4.24 shows a very distinctive feature among regions. The high 
productivity region accounted for six districts, which have an index value of above 
5.95 per hectare. The districts of Agra, Etawah, Auraiya, Kannauj, Kanpur Nagar 
(urban) and Kanpur Dehat (rural) form a compact zone of high productivity in central 
Doab. The districts show a level of agricultural productivity between 4.61 and 5.95 
SNU, form a unit of medium productivity between high and low productivity region. 
This region includes the districts of Aligarh, Hathras, Mathura, Firozabad, Mainpuri, 
Etah and Farrukhabad. 
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Ten districts show low level of productivity which is below 4.61 per hectare 
(Table 4.31). The major concentration of low productivity is observed in upper and 
lower Doab. In upper Doab, the districts of Saharanpur, Muzaffamagar, Baghpat, 
Meerut, Ghaziabad, Gautambudha Nagar and Bulandshahr compose a zone and 
Fatehpur, Kaushambi and Allahabad districts constitute the another zone in lower 
Doab. 
Table 4.31 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
6 
7 
10 
Name of the Districts 
Agra, Etawah, Auraiya, Kannauj, Kanpur Nagar 
(urban) and Kanpur Dehat (rural). 
Aligarh, Hathras, Mathura, Firozabad, Mainpuri, Etah 
and Farukhabad. 
Saharanpur, Muzaffamagar, Baghpat, Meerut, 
Ghaziabad, Gautambudha Nagar, Bulandshahr, 
Fatehpur, Kaushambi and Allahabad. 
(m) Productivity Regions: Based on SNU (Oilseeds) Output per Hectare-
1995-99 
Table 4.32 shows that there are nine districts, namely, Baghpat, Meerut, 
Ghaziabad, Gautambudha Nagar, Aligarh, Firozabad, Etawah and Kanpur Dehat 
(rural) fall in high productivity region. These districts show an index value of above 
3.44 per hectare. The medium productivity region includes nine districts with an index 
range 2.84 to 3.44 SNU per hectare. The districts of Saharanpur and Muzaffamagar 
constitute a block of medium productivity in upper Doab and another block includes 
the districts of Hathras, Mathura, Etah, Mainpuri, Farrukhabad, Kannauj and Auraiya. 
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Table 4.32 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
9 
9 
5 
Name of the Districts 
Baghpat, Meerut, Ghaziabad, Gautambudha Nagar, 
Aligarh, Agra, Firozabad, Etawah and Kanpur Dehat 
(rural). 
Saharanpur, Muzaffamagar, Hathras, Mathura, 
Mainpuri, Etah, Farrukhabad, Kannauj and Auraiya. 
Bulandshahr, Kanpur Nagar (urban), Fatehpur, 
Kaushambi and Allahabad. 
The low productivity comprises five districts which is characterized with 
productivity index value below 2.84. The districts of Kanpur Nagar (urban), Fatehpur, 
Kaushambi and Allahabad constitute a block of low productivity. The district of 
Bulandshahr in upper Doab also forms a small pocket of low productivity. 
(n) Productivity Regions: Based on SNU (Sugarcane) Output per Hectare-
1995-99 
Fig.4.26 indicates that high productivity has an index value of above 2.88 
SNU per hectare. There are eight districts in this category and lie in upper Doab. 
These districts are Saharanpur, Muzaffamagar, Baghpat, Meerut, Ghaziabad, 
Gautambudha Nagar, Bulandshahr and Aligarh and constitute a composite zone. The 
medium productivity has indices ranging between 248.19 and 288.12 per hectare and 
comprises eight districts (Table 4.33). The districts of Hathras, Mathura, Agra, Etah, 
Mainpuri, Farrukhabad, Etawah and Auraiya form a block of medium productivity 
excluding Firozabad district. Six districts lying below the index value of 248.19 and 
constitute the region of low productivity. These districts form two major pockets. The 
previous includes the districts of Kannauj, Kanpur Nagar (urban) and Kanpur Dehat 
(rural) and the latter consists of Kaushambi and Allahabad districts. Another small 
pocket was formed by Mainpuri districts in central Doab. 
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Table 4.33 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
8 
9 
6 
Name of the Districts 
Saharanpur, Muzaffamagar, Baghpat, Meerut, 
Ghaziabad, Gautambudha Nagar, Bulandshahr and 
Aligarh. 
Hathras, Mathura, Agra, Etah, Mainpuri, Farrukhabad, 
Etawah, Auraiya,and Fatehpur. 
Firozabad, Kannauj, Kanpur Nagar (urban), Kanpur 
Dehat (rural), Kaushambi and Allahabad. 
(o) Productivity Regions: Based on SNU (Potato) Output per Hectare-1995-99 
The range of index for high productivity level is 29.29 and above. Seven 
districts falling in this category (Table 4.34), five of them namely, Aligarh, Hathras, 
Mathura, Agra and Firozabad constitute a zone of high productivity and the remaining 
districts are Farrukhabad and Auraiya in central Doab. 
The medium productivity region is comparatively large and comprises ten 
districts where the range of variation for medium productivity level varies between 
25.32 and 29.29 per hectare. The districts of Saharanpur, Muzaffamagar, Baghpat, 
Meerut, Ghaziabad, Gautambudha Nagar and Bulandshahr form a compact zone in 
upper Doab and the districts of Mainpuri, Etawah and Auraiya constitute a block in 
central Doab (Fig.4.27). 
Table 4.34 
Category of Districts Lying in Different Productivity Regions 
Category 
H 
M 
L 
No. of 
Districts 
7 
10 
6 
Name of the Districts 
Aligarh, Hathras, Mathura, Agra, Firozabad, 
Farrukhabad and Kanpur Dehat (rural). 
Saharanpur, Muzaffamagar, Baghpat, Meemt, 
Ghaziabad, Gautambudha Nagar, Bulandshahr, 
Mainpuri, Etawah and Auraiya. 
Etah, Kannauj, Kanpur Nagar (urban), Fatehpur, 
Kaushambi and Allahabad. 
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The low productivity region mainly prevails in lower part of Doab and form a 
narrow belt of this category. There are five districts namely, Kannauj, Kanpur Nagar 
(urban), Fatehpur, Kaushambi and Allahabad which form this narrow belt. The district 
of Etah is also characterised with low productivity. 
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CHAPTERS 
A CORRELATIVE ASSESSMENT OF AGRICULTURAL 
PRODUCTIVITY AND AGRICULTURAL TYPOLOGY 
An analysis of the agricultural productivity and some selected variables of 
agricultural typology were attempted with the help of statistical techniques in order to 
determine the relationship amongst a number of factors which may cause spatial 
variations in agricultural development. For this purpose the variables have been 
selected which are given in Table 5.1. 
Table 5.1 
Variables Selected for the Assessment of Agricultural Development in the 
Ganga-Yamuna Doab 
Variable 
Xi 
X2 
X3 
X4 
X5 
X6 
X7 
Xg 
X9 
Xio 
x„ 
X12 
Definition 
Productivity based on Yang's Crop Yield Index. 
Size of holdings in terms of actively engaged persons in 
agriculture. 
Size of holdings in terms of agricultural land. 
Size of holdings in terms of gross output. 
Input of labour in agriculture in terms of actively engaged 
persons. 
Input of animal power in terms of number of draught units. 
Input of mechanical power (H.P.) per 100 ha. of cultivated land. 
Input of chemical fertilizers (NPK) per ha. of cultivated land. 
Irrigated land (in per cent) to the total cultivated land. 
Intensity of the crop land use ratio of harvested land to total arable 
land. 
Intensity of livestock breeding. 
Land productivity in terms of gross agricultural output per ha. of 
agricultural land. 
(cont....) 
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Table 5.1 (contd....) 
Xi3 
Xi4 
Xl5 
Xi6 
Xi7 
Xi8 
Xi9 
X20 
Productivity of cultivated land; gross agricultural output per ha of 
net area sown. 
Land productivity in terms of gross agricultural output per person 
actively employed in agriculture. 
Labour productivity in terms of commercial farm products per 
person actively engaged in agriculture. 
Degree of commercialization as commercial to gross agricultural 
output. 
Commercial production of land per ha. of agricultural land. 
Perermial crops percentage of land under perennial crops to the 
total agricultural land. 
Permanent grasslands (percentage of grasslands to total 
agricultural land). 
Proportion of animal production to the actual commercial 
production. 
Theoretically speaking, these variables by and large explain to a greater extent 
of variations in agricultural productivity. The values of all the variables during 1995-
99 are given in Appendix VI which were analysed for each of 23 districts of the 
Ganga-Yamuna Doab. 
I. The Correlation Matrix 
The inter-relation of agricultural productivity and agricultural typology with 
that of 20 independent variables for all the 23 districts of the Ganga-Yamuna Doab 
was tried to establish with the help of the correlation matrix. The correlation matrix 
helps to establish relation between the productivity and agricultural typology factors. 
Table 5.2 shows the results of correlation coefficient matrix. It is seen from table that 
productivity index computed on the basis of Yang's method (Xi) is highly positive 
with the variables: land productivity (X12), productivity of cultivated land (X13) and 
labour productivity (X14). It is moderately correlated with size of holdings to 
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agricultural land (0.420), input of chemical fertilizers (0.422), irrigated land (0.462), 
commercial land productivity (0.492), degree of commercial production of land 
(0.468), commercial production (0.495), perennial crops (0.454) and proportion of 
animal production (0.425). The input of labour (X5)and permanent grasslands 
(Xi9)show a negative correlation with productivity. The correlation coefficient values 
for these variables are -0.316 and -0.250 respectively. 
Variable X2 which relates with size of land holdings in terms of actively 
engaged persons in agriculture is highly correlated with variable X3, the size of 
holdings in terms of agricultural land (0.835), variable X4, size of holdings in terms 
gross output (0.455) and variable Xio, intensity of crop land use (0.426), while the 
variables of X H , X15, Xie, Xig and X20 show a moderate positive correlation. 
Variable X3, size of holdings in terms of agricultural land has a positive 
correlation with variables X2 (0.835), X4 (0.112) and Xio (0.102) and the rest of the 
variables have a negative correlation. Variable X4, the size of holdings in terms of 
gross output is highly correlated with the variables of Xi (0.420), X2 (0.455), X9 
(0.481), X12 (0.486), Xi3 (0.460), X,4 (0.469), X15 (0.432), Xn (0.427), Xig (0. 427) 
and X20 (0.410), whereas negative correlation was observed between X4 and X19 with 
the correlation coefficient value of-0.026. The correlation of input of labour in terms 
of actively engaged persons (X5) with the variables shows that it is highly correlated 
with the variables Xg (0.472), Xn (0.473), X12 (0.343), X13 (0.343) and X19 (0.341) 
and moderately correlated with variables Xe (0.267), X9 (0.272), Xio (0.247), Xn 
(0.284), X18 (0.258) and X20 (0.245). A negative correlation is depicted by the 
variables X3 (-0.530), Xj (-0.316) and X2 (-0.156). 
Animal power in terms of draught units variable Xe a highly positive with 
variables Xi (0.207), X5 (0.267), X7 (0.380), Xg (0.322), X9 (0.378), Xn (0.762), X12 
(0.277), Xi3 (0.317), X16 (0.206) and X19 (0.225). A negative correlation is shown by 
the variables X2 (-0.412), X3 (-0.479), and Xio (-0.219). The input of mechanical 
power (H.P.) per 100 ha. X7 shows a strong correlation with the variables Xg (0.410), 
X12 (0.474), Xi3 (0.545), X16 (0.418), Xn (0.423) and X20 (0.424), while it is 
negatively correlated with variables X2 (-0.240), X3 (-0.285), Xio (-0.421) and X19 
(-0.078). 
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The correlation of the consumption of fertilizers Xg with other variables is 
significantly correlated with variables X9 (0.546), Xn (0.599), X12 (0.866), X13 
(0.862), Xi4 (0.691), Xi5 (0.760), Xig (0.854), Xn (0.82), Xjg (0.761), and X20 
(0.741). A negative correlation is depicted by variable X3(-0.295). The extent of 
irrigated land to total cultivated land X9 is strongly correlated with variables Xi 
(0.462), X4 (0.481), Xg (0.546), Xn (0.561), X12 (0.560), X13 (0.552) and Xie (0.408) 
and moderately correlated with variables X5 (0.272), Xe (0.398), X7 (0.335), Xio 
(0.274), Xi4 (0.372), X15 (0.350), Xn (0.398), Xig (0.369), X19 (0.320) and X20 
(0.373). This variable shows a negative correlation with variables X2 (-0.213) and X3 
(-0.449). If the correlation, the intensity of the crop land use ratio of harvested to total 
arable land Xio as examined with other variables, it shows a positive correlation with 
variables X2 (0.426), X4 (0.346), X5 (0.247), Xg (0.318), X9 (0.274), Xn (0.247), X12 
(0.352), Xi3 (0.241), Xi4 (0.313), X15 (0.298), Xie (0.321), Xn (0.301), Xig (0.286) 
and X20 ().286). A negative tune of correlation is shown with variables Xe (-0.219), 
and X7 (-0.421). The correlation of livestock breeding Xn with other variables is 
highly positive with Xg (0.762). Xg (0.599), Xg (0.561), Xn (0.564), X13 (0.556), and 
X20 (0.504). It is negatively correlated with variable X3 (-0.502). 
The productivity of land X12, cultivated land X13, labour X14 and commercial 
labour X15 show high positive correlation with the variables of Xg, X12, X13, Xu, X16, 
Xi7, Xig and X20 whereas, negatively correlated with variable X3. The variables 
related to the degree of commercialization X16 and commercial production of land Xn 
are highly correlated with the variables of Xg, X12, Xn, X14, X15, Xie, Xn, Xig and 
X20. The correlation of perennial crops indicates that it is positively high with 
variables Xg (0.761), X12 (0.946), Xu (0.941), Xu (0.911), X5 (0.967), X16 (0.949) 
and Xn (0.986). 
The area under permanent grasslands X19 is partially correlated with variables 
X5 (0.341), Xe (0.225), X9 (0.320), Xu (0.177) and X13 (0.328). It is found that the 
proportion of animal production X20 is positively correlated with variables Xg (0.741), 
X12 (0.928), Xi3 (0.923), X14 (0.907), X15 (0.955), Xie (0.941), Xn (0.962) and Xjg 
(0.987) whereas, a negative correlation was observed with the variables X3 (-0.061), 
and Xi9 (-0.504). 
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II. Factor Analysis 
In order to determine a cause and effect type of relationship between the 
agricultural productivity and the variables of agricultural typology, it is important to 
identify the relevant factors with the help of factor analysis. This technique is 
considered to be suitable in assessing impact of various factors in agricultural 
development in a given region. Factor analysis avoids a certain number of problems 
inherent in the conventional statistical technique applied and further reduces the 
computational efforts involved in trails of different combinations for identifying the 
most significant relationship amongst the various feasible combinations. This 
technique deals directly with the correlative dependents by arranging into independent 
linear combinations and permits any indicator to be treated as a dependent variable of 
a small set of common components. This procedure encourages an expansion of the 
variable set. 
In the present work the major factors and their group combinations having 
significant importance were identified through factor analysis. It is argued that in 
cross-regional comparisons, it is essential to mark the variables on the basis of their 
past adherence to certain norms which have an influence on the dependent variable in 
group. 
By using factor analysis, we are able to look at sets of complementary and 
thus coUinear inputs or at 'Package of Variables' and may include a wider range of 
variables of relevance for production function. Here it may be considered that, a set of 
nineteen variables that have been considered which may influence productivity 
function, treating productivity function as dependent on nineteen independent 
variables. The data has been analysed through SPSS package programme on computer 
ALPHA system. The rotated factor matrix of the variables considered for the year 
1995-99 is given in Table 5.3, which indicates a 'Package of Variables' having 
significant inter-cohesion. 
The factor analysis of the variables for the year 1995-99 shows, that the first 
factor Fi accounts for 10.158 per cent variance in the total variables. The positive 
coefficient loadings of the variables are associated with variables X3 (0.097) and X9 
(0.969). The second factor F2 accounts for 3.852 per cent of the total variance. The 
variables show high positive coefficient loadings for variables X2 (1.059), X3 (0.970), 
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X4 (0.369) and X,o (0.113), while partially loading for variables Xi (0.071), Xn 
(0.015), X,5 (0.020), Xi6 (0.009), Xn (0.008), Xig (0.027) and X20 (0.052). The third 
factor F3 with a variance of 2.25 per cent depicts a positive loading of 0.117 and 0.091 
Table 5.3 
Factor Structure of Agricultural Productivity and Agricultural Typology for 
Agricultural Development in the Ganga-Yamuna Doab through Rotated Factor 
Matrix, 1995-99 
Variables 
X, 
X2 
X3 
X4 
X5 
Xe 
X7 
Xg 
X9 
Xio 
Xii 
X12 
Xi3 
Xi4 
Xl5 
X16 
Xi7 
X18 
Xi9 
X20 
Variance 
explained % 
Cumulative 
variance % 
Fi 
-0.373 
-0.128 
0.097 
-0.302 
-0.265 
-0.071 
-0.394 
-0.746 
-0.231 
-0.298 
-0.383 
-0.922 
-0.904 
-0.940 
-0.980 
-0.970 
-0.993 
-0.995 
0.640 
-0.969 
10.158 
10.158 
Factor Loadings 
F2 
0.071 
1.059 
0.970 
0.369 
-0.150 
-0.206 
-0.170 
-0.086 
-0.322 
0.113 
-0.207 
0.015 
-0.036 
0.036 
0.020 
0.009 
0.008 
0.027 
-0.279 
0.052 
3.852 
14.010 
F3 
-0.169 
-0.164 
0.117 
-1.029 
0.091 
-0.032 
-0.321 
-0.132 
-0.875 
-0.268 
-0.226 
-0.026 
-0.231 
-0.175 
-0.107 
-0.085 
-0.102 
-0.086 
-0.362 
-0.098 
2.250 
16.260 
F4 
-0.068 
0.205 
0.051 
-0.014 
0.014 
-0.229 
-0.897 
0.0004 
0.032 
0.948 
0.140 
-0.003 
-0.139 
0.082 
0.016 
0.006 
-0.008 
0.004 
0.016 
-0.009 
2.187 
18.447 
for variables X3 and X5. However, the fourth factor F4 accounted for 2.18 per cent of 
the total variables and indicates a positive loadings for variables X2 (0.205), X3 
(0.051), X5 (0.014), Xg (0.0004), X9 (0.032), X,o (0.948), Xn (0.140), XM (0.082), 
X,5 (0.016), X16 (0.006), X18 (0.004) and X19 (0.016). 
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Table 5.4 
Factor Structure of Agricultural Development in High Productivity Region in 
the Ganga- Yamuna Doab through Rotated Factor Matrix, 1995-99 
Variables 
X, 
X2 
X3 
X4 
X5 
X6 
X7 
Xg 
X9 
Xio 
x„ 
X12 
Xl3 
Xi4 
X,5 
X16 
Xi7 
Xig 
Xl9 
X20 
Variance 
explained % 
Cumulative 
variance % 
Fi 
0.134 
0.942 
0.136 
1.003 
0.152 
0.009 
0.698 
0.632 
0.139 
0.740 
0.243 
0.947 
0.945 
0.980 
0.996 
0.980 
0.964 
0.965 
-0.868 
0.968 
12.981 
12.981 
Factor Loadings 
F2 
-0.519 
0.193 
-0.871 
-0.028 
0.233 
1.063 
0.132 
0.463 
0.304 
0.374 
• 0.944 
0.087 
0.085 
0.054 
0.020 
0.143 
0.017 
0.025 
0.233 
0.146 
4.123 
17.104 
F3 
0.075 
0.259 
-0.435 
0.036 
0.984 
0.148 
0.517 
0.527 
0.869 
-0.189 
0.156 
' 0.295 
0.305 
-0.181 
-0.044 
0.128 
0.230 
0.251 
0.166 
0.216 
1.647 
18.752 
F4 
-0.993 
-0.067 
0.300 
-0.036 
0.182 
0.139 
-0.503 
-0.331 
-0.228 
-0.483 
0.064 
-0.119 
-0.106 
-0.084 
-0.048 
-0.081 
-0.144 
-0.097 
0.410 
0.017 
1.509 
20.261 1 
Further non-occurrence of other variables in the analysis made it necessary to 
analyse the variables in different productivity regions in order to study the inter-action 
of the remaining variables on regional basis. These productivity regions were 
demarcated on the basis of the Yang's 'Crop Yield Index' for the period 1995-99. The 
rationale for analyzing cause and effect of variables in various productivity regions 
lies with the fact that different regions have different package of variables, which may 
have a direct impact on the agricultural development. 
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Table 5.5 
Factor Structure of Agricultural Development in Medium Productivity Region in 
the Ganga-Yamuna Doab through Rotated Factor Matrix 1995-99 
Variables 
Xi 
X2 
X3 
X4 
X5 
Xfi 
X7 
Xg 
X9 
Xio 
X, i 
X12 
Xi3 
Xi4 
X,5 
Xi6 
Xi7 
X18 
Xi9 
X20 
Variance 
explained % 
Cumulative 
variance % 
F i 
-0.330 
0.040 
0.145 
-0.013 
-0.329 
0.047 
-0.389 
-0.736 
-0.404 
-0.264 
-0.401 
-0.877 
-0.873 
-1.015 
-1.033 
-0.971 
-1.018 
-1.041 
0.108 
-1.035 
11.267 
11.267 
F2 
-0.195 
-0.344 
0.036 
-0.998 
-0.149 
-0.110 
-0.125 
0.069 
-0.567 
-0.332 
-0.574 
-0.151 
-0.081 
-0.165 
-0.004 
0.056 
-0.023 
-0.082 
-0.517 
-0.084 
4.153 
15.421 
Factor 
F3 
-0.123 
0.267 
0.137 
0.080 
-0.060 
-0.800 
-0.938 
0.047 
0.023 
0.818 
-0.170 
-0.042 
-0.213 
0.092 
0.012 
0.010 
-0.026 
-0.050 
-0.005 
-0.041 
2.567 
17.988 
Loadings 
F4 
-0.296 
1.013 
1.049 
0.144 
-0.301 
-0.477 
-0.097 
-0.103 
-0.625 
0.063 
-0.684 
-0.131 
-0.173 
-0.207 
-0.067 
-0.084 
-0.074 
-0.032 
-0.531 
-0.030 
1.527 
19.515 
Fs 
-1.005 
0.188 
0.217 
-0.187 
0.102 
0.288 
-0.227 
-0.216 
0.397 
0.109 
0.046 
-0.061 
-0.100 
-0.136 
-0.070 
-0.060 
-0.088 
-0.016 
-0.058 
0.003 
1.449 
20.965 
F6 
-0.042 
0.080 
0.241 
-0.077 
-0.961 
-0.228 
-0.111 
-0.715 
-0.247 
-0.200 
-0.257 
-0.554 
-0.542 
0.071 
-0.150 
-0.331 
-0.221 
0.006 
-0.655 
0.060 
1.207 
22.173 
The rotated factor matrix of high productivity region records four factor 
loadings. It is seen from the Table 5.4 that four factors in high productivity region 
combined explain 20.261 per cent of variance. The factor Fi accounted for 12.981 per 
cent of variance from the total variables and comprises a strong positive loading of all 
variables excluding variable X19 (-0.868). The second factor F2 explains 4.123 per 
cent of the total variance and insignificant loading of Xi (-0.519), X3 (-0.817) and X4 
(-0.028). The third factor F3 indicates only four out of twenty variables X3 (-0.435), 
Xio (-0.189), Xi4 (-0.181) and X15 (-0.044) have insignificantly loading with a 
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variance of 1.647 per cent. However, fourth factor F4 explains 1.509 per cent of the 
total variance. The variable on the matrix shows high positive coefficient loadings 
with variables X3 (0.300), X5 (0.182), Xg (0.139), Xn (0.064), X19 (0.410) and X20 
(0.017). 
Table 5.6 
Factor Structure of Agricultural Development in Low Productivity Region in the 
Ganga-Yamuna Doab through Rotated Factor Matrix -1995-99 
Variables 
Xi 
X2 
X3 
X4 
X5 
Xg 
X7 
Xg 
X9 
Xio 
Xi i 
X12 
XB 
Xi4 
Xi5 
X16 
Xi7 
X18 
Xi9 
X20 
Variance 
explained % 
Cumulative 
variance % 
Factor Loadings 
F i 
-0.934 
1.003 
0.968 
-0.855 
0.859 
-0.995 
-0.838 
-0.175 
-0.712 
-0.472 
-0.815 
-0.822 
-0.817 
-0.072 
-0.960 
0.042 
-0.993 
0.116 
-0.376 
-0.012 
12.994 
12.994 
F2 
0.403 
-0.198 
0.224 
0.506 
-0.245 
-0.040 
0.156 
0.999 
0.703 
0.213 
-0.519 
0.531 
0.540 
0.070 
0.210 
-0.981 
-0.031 
-0.995 
0.615 
-1.014 
4.981 
17.975 
F3 
-0.069 
-0.028 
0.181 
0.175 
0.453 
-0.100 
-0.527 
0.026 
-0.036 
-0.906 
-0.304 
-0.194 
-0.186 
1.068 
-0.171 
0.257 
-0.108 
0.157 
-0.682 
-0.051 
2.535 
20.511 
Table 5.5 shows the rotated factor matrix of the variables for the medium 
productivity region which yielded six significant factors. The first factor Fi accounts 
for 11.267 per cent of the total variance with a positive loadings of variables X2 
(0.040), X3 (0.145), X6 (0.047), and X19 (0.108). The second factor F2 explains 4.15 
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per cent of the total variance and shows a high positive loadings on variables X3 
(0.036), Xg (0.069) and Xie (0.056). The third factor F3 accounted for 2.567 per cent 
of total variance. It has positive loadings on variables X2 (0.267), X3 (0.137), X4 
(0.080), Xg (0.047), X9 (0.023), Xio (0.818), X14 (0.092), X15 (0.012) and Xie (0.010). 
The fourth factor F4 explains 1.527 per cent of total variance and has positive loadings 
on variables X2 (1.013), X3 (1.049) and X4 (0.144). In the fifth factor F5 the total 
variance accounted for 1.449 per cent with a set of variables of X2 (0.188), X3 (0.217), 
X5 (0.102), Xe (0.288), X9 (0.397), Xio (0.109), Xn (0.046), and X20 (0.003). 
Similarly the sixth factor Fe, recorded 1.207 per cent of total variance and positive 
loadings on variables X2 (0.080), X3 (0.241) and X20 (0.060). 
The rotated factor matrix of the variables set for the low productivity region is 
given in Table 5.6, which explains three factors. Factor Fi accounts for 12.994 per 
cent of total variance. The factors which show the high positive loading are X2 
(1.003), X3 (0.968), X5 (0.859), Xie (0.042) and Xig (0.116). The second factor F2 
explains 4.981 per cent of total variance and strongly loaded with all the variables; 
excluding the variables X2 (-0.198), X5 (-0.245), Xe (-0.040), Xn (-0.519), Xn 
(-0.031), Xig (-0.995) and X20 (-1.014). However, the third factor F3 accounts for 2.53 
per cent of total variance. It has positive loading on variables X3, X4, X5, Xg, X14, Xie 
and Xig. 
CONCLUSION AND SUGGESTIONS 
The objectives to undertake the present study are to ascertain the types of 
farming and crop productivity in the Ganga-Yamuna Doab. Infact agricultural 
typology and crop productivity are the result of interaction of natural, socio-
economic and technological factors. Presently the Indian agriculture is still of 
subsistence type although the new agricultural technology has brought some 
breakthroughs. Therefore, it seems essential to identify the causes of backwardness 
of agriculture and to delineate the areas charaterised with high, medium, and low 
productivity. The study also takes stock of changes in land use and cropping pattern 
that have taken place during three distinct periods of time 1985-89, 1990-94 and 
1995-99. 
In the beginning, it has been attempted to give a land use profile of the 
study area with reference to the area under forests, land not available for cultivation, 
culturable waste and the extent of fallow land which show a decrease, where there is 
an increase in area under land put to non-agricultural uses, and in net sown area. 
The changes in land utilization are due to the adoption of new farming techniques. 
The broad trend in area, production and yield of the principal crops which grown in 
the region have a direct bearing on the perspective agricultural development of the 
region. 
The trends and growth computed in area, production and yield of selected 
crops reveal that there has been an increase in area, production and yield of the 
crops in case of rice, wheat, sugarcane and potatoes, whereas, the area and 
production under jowar, barley, gram and pea show a declining trend. The crops of 
bajra, maize, arhar and oilseeds show stagnancy in area and production. Further, it 
was attempted to computed the growth (exponential growth) in area, production and 
yield of the crops considered which were grouped into four categories: cereals, 
pulses, oilseeds and cash crops. There has been a marked variation in area, 
production and yield of crops. 
During 1985-89, cereal crops i.e., rice, wheat, jowar and barley recorded a 
positive growth of +2.13 per cent in area, +15.87 per cent in production and +25.84 
per cent in yield, whereas, in 1995-99, it accounted for +1.93, +9.59 and +6.58 per 
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cent. Among the cereals, both rice and wheat recorded a positive growth. In case of 
pulse crops, both area and production show a negative growth during three distinct 
periods. Oilseed crops show a positive growth of+2.13 per cent in area, +15.87 per 
cent in production and +25.84 per cent in yield. Similarly, during 1995-99, it is 
accounted for +1.93, +9.59 and +6.58 per cent. Oilseeds show a positive growth 
excluding the period of 1995-99, in which the grow t^h was of the negative order 
-8.17, -9.11 and -1.17 per cent in area, production and yield. The cash crops 
(sugarcane and potato) show a substantial increase in area, production and yield. 
These crops have attained a highest positive growth as compared to foodgrains and 
oilseeds. The cash crops accounted a positive growth for the entire periods of study. 
In 1995-99, it was +4.77 (in area), +8.11 (in production) and +3.08 (in yield) as 
compared to 1985-89, +5.16, +14.84 and 9.34 per cent per annum during 
respectively. 
In a review of cropping intensity and crop-combination the districts of 
Bulandshahr and Agra show the highest cropping intensity, whereas, the district of 
Allahabad is listed with the lowest value of cropping intensity. The crop-
combination analysis reveals the presence of two to six crop-combinations. Two 
crop-combination is mainly concentrated in the districts of upper and lower Doab 
namely, Muzaffarnagar, Meerut, Baghpat, Gautambudh Nagar, Kanpur Nagar 
(urban), Fatehpur and Allahabad, whereas, three to six crop-combinations have a 
dominancy in central Doab. 
In order to study the agricultural typology and typological regions, the 
study shows that with the adoption of new farming techniques, farming shows a 
change from traditional to commercial type. On the basis of index value and the 
characteristics of the variables which were assigned certain codes show that there 
are two types of first order of agriculture (T & M) in the region. Following the first 
order, the second order type of agriculture, i.e., Tm, Ti and Mi types were 
identified. While third order types of agriculture (Tmm, Tir, Tiu and Mii) were 
demarcated in the districts of Ganga-Yamuna Doab. 
The crop productivity calculated with application of two different methods 
show a marked variation. In case of cereals, pulses and cash crops, the productivity 
is declining from upper parts of Doab to the lower Doab. The oilseed productivity 
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shows a different pattern. High productivity is concentrated in central part as 
compared to upper and lower Doab. The general pattern of agricultural productivity 
shows a decline from north, northwest to southeast. This pattern is closely related 
with a general variations in the adoption and application of agricultural technology 
by the farmers. 
It was further attempted to establish a relationship between agricultural 
productivity and the variables of agricultural typology with applying the correlation 
and factor analysis techniques. It is seen that agricultural productivity is to a greater 
extent is influence by the selected independent variables. The agricultural 
productivity shows a highly positive correlation with the input of chemical fertilizer 
(Xg) per ha. of cultivated land. Variable irrigated land to the total cultivated land 
(Xg), land productivity in terms of gross output (X12), productivity of cultivated 
land (X13), land productivity (X14), commercial labour productivity (X15), degree of 
commercialization (Xie), commercial production (Xn), percentage of land under 
perennial crops (Xig) and general gross production (Xao)-
The moderate correlation of agricultural productivity associated with input 
of anirnal power (Xe), inputs of mechanical power (X7) and intensity of livestock 
breeding (Xu). While it is negatively correlated with inputs of labour in terms of 
actively employed people (X5) and percentage of permanent grassland to total 
agricultural land (X19). 
With concluding the study, it is strongly felt that medium and low levels of 
agricultural productivity and resulting backwardness of the region in an area is 
mainly due to lack of commercialization in agricultural sector. It is confirmed 
further that the cropping pattern is still subsistence oriented. 
Suggestions 
• The present climatic changes which are taking place, it is needed to develop 
such varieties of seeds which can sustain the changed climatic conditions. 
• The prices of farm commodities have to be controlled in such a manner that 
producers should get a proper remuneration for his produce, 
• The price fluctuation in farm commodity needs a minimum level. 
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There is a need for the development of farm technology which can protect 
the environment. 
It is needed to have the marketing centers for the purchase of crop produce. 
Further it is needed to open agro-based industries in villages themselves, 
Apart from the efforts on part of commercialization and monetization of 
agriculture with associated industrialization attempts should be made to 
improve productivity in low and medium productivity regions by way of to 
advance loans on liberal interest particularly to small and marginal farmers. 
The natives of the region should be encouraged and provided capital to 
establish small scale agro-based industries. 
The emphasis should be to develop local markets. In the absence of markets, 
the cultivation of some of the commercial and industrial crops, like 
sunflower, and oil plant (Jetropha) the cultivation has not be successful. 
Proper demonstrations should be carried out in villages to apprise the 
significance of the use of bio-fertilizers to replace the use of chemical 
fertilizers. 
The prices of the agricultural commodities should be determined keeping in 
view the ratio of agricultural inputs such as the price of diesel and other 
inputs like fertilizers, and agricultural machinery and tools. 
To prevent waterlogging and soil erosion, the concrete embankments should 
be made along the flow of canals. Soil erosion can also be prevented by 
planting trees along either side of the canals. 
Crop insurance scheme will also be of much help to the farmers against the 
risk and uncertainty of crop failure. 
Extensions services and proper education regarding the atleast developments 
in agriculture and price incentives should be provided to the farmers very 
oftenly. 
Storage facilities should further be increased to minimize the agricultural 
losses. 
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Appendix II 
Calculation of Diagnostic Variables 
I. Social Attributes 
1. Percentage of agricultural land owned, controlled or held in common under 
traditional customary rights of tenure : 
X i - ( C : B ) * 100% 
Where, 
B total agricultural land (in hectares), 
C agricultural land owned, controlled or held in common under 
traditional customary rights of tenure (in hectares). 
2. Percentage of agricultural land operated under servile, labour or share tenancy : 
X2 = ( D : B ) * 100% 
Where, 
B total agricultural land (in hectares), 
D agricultural land operated under servile, labour or share tenancy (in 
hectares). 
3. Percentage of agricultural land owned as a private property : 
X3 = (E:B)*100% 
Where, 
B total agricultural land (in hectares), 
E agricultural land owned as a private property (in hectares). 
4. Percentage of agricultural land operated by collective and state enterprises : 
X4 = (F : B) * 100% 
Where, 
B total agricultural land (in hectares), 
F agricultural land operated by collective and state enterprises (in 
hectares). 
5. Size of operation in terms of the number of people engaged in agriculture per 
one agricultural holding: 
X5 = R : A 
Where, 
A number of agricultural holdings, 
R number of people engaged in agriculture (in conventional units). 
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6. Size of operation in terms .of the agricultural land per one agricultural holding: 
Xe = B : A 
Where, 
A number of agricultural holdings, 
B total agricultural land (in hectares). 
7. Size of operation in terms of gross agricultural output per agricultural holdings: 
X7 - U : A 
Where, 
A number of agricultural holdings, 
U gross agricultural output (in conventional units). 
II. Operational attributes 
8. Inputs of labour : 
X8 = (R :B)* 100 
Where, 
B total agricultural land (in hectares), 
R number of people engaged in agriculture (in conventional units). 
9. Inputs of animal power : 
X9 = (P :G)*100 
Where, 
G cultivated land (in hectares), 
P number of draught and pack animals (in conventional draught units). 
10. Inputs of mechanical power : 
Xio = ( S : G ) * 100 
Where, 
G cultivated land (in hectares), 
S mechanical draught power (in Metric Horsepower). 
11. Chemical fertilizing : 
X i i = T : G 
Where, 
G cultivated land (in hectares), 
T use of chemical fertilizers (in kg. of pure content of NPK). 
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12. Irrigation: 
Xi2 = (M:G)*100% 
Where, 
G cultivated land (in hectares), 
M irrigated land (in hectares). 
13. Intensity of cropland use : 
Xi3 = ( I :H)* 100% 
Where, 
H total area of temporary crops including fallow (in hectares), 
I harvested land under temporary crops (in hectares). 
14. Intensity of livestock breeding : 
Xi4 = (N:B)*100 
Where, 
B total agricultural land (in hectares), 
N number of farm animals (in conventional animal units). 
III. Production attributes 
15. Land productivity : 
Xi5 = U : B 
Where, 
B total agricultural land (in hectares), 
U gross agricultural output (in conventional units). 
16. Productivity of cultivated land : 
Xi6 = U : G 
Where, 
G cultivated land (in hectares), 
U gross agricultural output (in conventional units). 
17. Labour productivity: 
X,7 = U : R 
Where, 
R number of people engaged in agriculture (in conventional units), 
U gross agricultural output (in conventional units). 
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18. Commercial labour productivity 
Xi8 = Y : R 
Where, 
R number of people engaged in agriculture (in conventional units), 
Y total commercial agriculture production (in conventional units). 
19. Degree of commercialization 
X i 9 - ( Y : U ) * 100% 
Where, 
U gross agricultural output (in conventional units), 
Y total commercial agricultural production (in conventional units). 
20. Commercial land productivity : 
X2o = Y : B 
Where, 
B total agricultural land (in hectares), 
Y total commercial agricultural production (in conventional units). 
21. Degree of specialization : 
X21 = Y : B 
Where, 
B total agricultural land (in hectares), 
Y total commercial agricultural production (in conventional units). 
IV. Structural attributes 
22. Percentage of land under perennial and semi-perennial crops : 
X22 = ( J : B ) * 100% 
where, 
B total agricultural land (in hectares), 
J land under perennial and semi-perennial crops (in hectares). 
23. Percentage of permanent grassland : 
X23 = (K:B)*100% 
Where, 
B total agricultural land (in hectares), 
K permanent grassland (in hectares). 
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24. Percentage of land under primary food crops : 
X24 = (L : B) * 100% 
Where, 
B total agricultural land (in hectares), 
L land under primary food crops (in hectares). 
25. Percentage of animal production in gross agricultural output: 
X25 = (V:U)* 100% 
Where, 
U total gross agricultural output (in conventional units), 
V gross animal production (in conventional units). 
26. General commercial emphasis : 
X26 = (Z:Y)*100% 
Where, 
Y total commercial agricultural production (in conventional units), 
Z animal commercial production (in conventional imits). 
27. Percentage of industrial crops in gross agricultural output 
X27 = (W:U)* 100% 
Where, 
U total gross agricultural output (in conventional units), 
W gross output of industrial crops (in conventional units). 
28. Percentage of herbivorous animals in the total number of farm animals : 
X28 = (0 :N)* 100% 
Where, 
N number of farm animals (in conventional animal units), 
O number of herbivorous farm animals (in conventional animal units). 
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e„„—u. . s .rrs^^.»u- .p— 
World wheat 
equivalent 
FAO Units (100 kg of a 
given crop is valued m 
relationto 100 kg. of 
wheat) 
Grain units ' ' " P ' f . 
lOOte of a given Simplified 
el„p?e;iva!en.to weigh.units 
100 kg of cereal 
grain 
CROPS 
Cereals 
Wheat 
Rye 
Barley 
Oats 
Maize 
Millets 
Rice, Paddy rough 
Rice clean 
Other cereals 
Mixed grains 
Pulses 
Starchy roots, 
Potatoes 
Vegetables 
Fruit, fresh citrus 
fruits 
Bananas 
Sugar crops, 
sugarcane 
Beverage crops 
coffee, green beans 
tea. 
Spices, condiments 
Hops 
Cummin 
Tobacco 
Farm sales weight 
LOO 
85 
75 
70 
75 
70 
80 
113 
65 
65 
115 
40 
65 
65 
30 
100 
100 
100 
80-100 
100 
80-100 
110 
80-10 
120 
23-30 
15-50 
-irv IC 
100 
90 
90 
80 
80 
80 
80 
110 
70 
70 
120 
40 
50 
70 
40 
20 
550 
990 
960 
530 
200 
200 
550 
900 
500 
200 
1000/200 
(green) 
(cont., 
Appendix III (contd...) 
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Oil Crops 
Ground nuts, in shell 
Seelled 
Rapseed 
Mustard seed 
Linseed 
Fibres 
Cotton lint. 
Raw 
Rubber 
Livestock Products 
Meat (live w e^ight 100 
kg) 
Cattle, calves, 
buffaloes 
Pigs 
Sheeps, lambs 
Horses 
Other animals 
Poultry 
Milk 
Eggs 
Fibres 
Wool (greasy) 
120 
145 
181 
170 
850 
510 
400 
550 
400 
300 
660 
730 
100 
790 
1870 
200 
180-200 
150 
100-200 
120 
600 
150 
200 
180 
180 
170 
SOO 
120/100 
500 
600 
500-550 
500-600 
700 
700 
100 
500 
4000 (raw) 
[0000 (pure) 
600 
600 
500 
600 
700 
100 
600 
1800 
4000/1000 
Source: Sharma, B . l..(1983) Agricultural Typology of Rajasthan: An Application of 
International Scheme, pp. 157-158. 
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Appendix IV 
Conventional draught (horse power) units 
Camels 
Horses 
Buffaloes 
Oxen 
Cows 
Mules 
Asses 
5 HP in tractor power equals 1 horse 
1 horse power unit equals 5 man. 
power units. 
2 
1 
0.9 
0.5 
0.2 
0.8 
0.3 
Source: Sharma, B . l..(1983) Agricultural Typology of Rajasthan: An Application of 
International Scheme, p. 159. 
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Appendix V 
Conventional (large) animal units 
(Simplified for typology of world agriculture) 
Camels 2.0 
Cows, buffaloes, horses 1.0 
Other cattle 0.8 
Cattle without specification 0.6 
Llamas, reindeers, asses 0.3 
Mules 0.6 
Pigs 0.25 
Sheep and goats 0.1 
Poultry non-specified 0.01 
The units are based essentially on animal weight and 500 kg of live weight was taken as 
one unit. 
Source: Sharma, B . l..(1983) Agricultural Typology of Rajasthan: An Application of 
International Scheme, p. 159. 
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GLOSSARY 
Andhis 
Balua 
Bhangar 
Dabar 
Dhankar 
Domat 
Jhils 
Khadar 
Kharif 
Kohra 
Loo 
Nadi 
Pala 
Rabi 
Reh 
Zaid 
Usar 
Kallar 
dust storms associated with thunderstorm 
Sandy area 
old alluvium 
Low lying land 
Vacated land after harvesting of rice 
Alluvium soil 
low-lying level of land with shallow water 
new alluvium 
Summer crops, harvested in September, October and November 
heavy mist and fog 
hot wind (local westerly hot wind) 
synonyms of river 
Frost 
Spring harvest or winter crops harvested in February, March and 
April 
Saline deposits in the old alluvium areas 
Crops in between kharif and rabi cropping 
Derived from a Sanskrit word ushara meaning sterile. 
Saline deposits or lime concretions 
